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INTRODUCTION 
Many effective weed control practices make use of known differences 
in the ecological characteristics of crops and the competing weed species. 
The importance of an underetanding of weed seed germination cannot be 
underestimated. It is a field of study that lies not only within the 
scope of plant physiology, but is intimately related to the area of 
ecology. Billings (1957) and his students have pioneered in the inter-
disciplinary area entitled, physiological ecology. Crocker and Barton 
(1957) have also recognized that seed germination mechanisms and their 
regulation involve a highly complex set of conditions. 
Am.en (1963) writing on the complexity of seeds wrote: 
••• seeds are uniquely integrated living systems which, like 
all living systems, form an inseparable interacting complex of 
historic, genetic, physiologic, and ecologic factors. In seed 
physiology the history of the parental material, the genetic 
potential, and the environmental influences cannot be divorced 
from the prevailing physiological state of the seed system. 
If the theories of Rowe (1964), Highkin (1958), Amen (1963) and 
others, concerning the environmental preconditioning of seed prove to be 
true, the seed ecologist of the future will not only study the micro-
environment under which the seed germinates, but will also study the 
microenvironment of the fertilized owle during maturation and develop-
ment. This may be basic to an understanding of factors influencing 
germination of a species from season to season (or from area to area). 
The importance of carefully measuring the various constituents of 
an environment bas been described by Billings (1957) snd numerous other 
workers. He pointed out that considerable progress has been made in the 
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last 15 years in correlating plant growth in the field with meterological 
events and cycles. The importance of realizing the great variation which 
exists in a mieroenvironment, both vertically and horizontally has been 
emphasized by Geiger (1957). 
Dr. David W. Staniforth (1961) in a paper presented to the 14th 
Southern Weed Conferenc• stated: 
Our ignorance of the biological interactions of the crop we 
wish to grow and the weeds we wish to destroy 18 a major 
contributing factor to the weed problem. Accurate information 
about the biologic.al capabilities, or more simply about the 
growth characteristics and habitat requirements of crops and 
weeds, is essential to ultimate success in growing the one 
and eliminating the other. 
It was pointed out by Bibbey (1946) that relatively little was known 
about the field germination of most of the common weeds. Today, thh 
remains true for Amaranthus retro£ lexus and Portulaca oleracea, two of 
the most c01Dmon horticulture 1 weeds in Iowa. Over the yea rs, the number 
of weed seeds falling to the ground has exceeded the number of seeds 
germinating. In many instances, this has resulted in weed seed popula-
tions numbering in the millions per acre, and is a potential threat to the 
success of any future crop. In weedy soil, concentrations of seeds 
numbering in excess of 68 million per acre have been observed in the top 
few inches of soil at Amee, Iowa. The germination response of any one 
weed species wi 11 vary with soil management practices, previous seed 
history, climate, and season of the year. The reasons for these responses 
are often obscure. 
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This study attempted to determine the response of a specific weed 
seed population to the enviromnental conditions which prevailed during 
the 1963-1964 growing season. It was the further objective of these 
experiments to study the effect of artificial environments on weed seed 
germination and seedling development. 
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PURPOSE OF THE STUDY 
The primary objective of this study was to attempt to correlate 
laboratory, greenhouse and field germination patterns for several weed 
species. A second objective was to determine the response of the weed 
seed population to the particular set of conditions which prevailed during 
the 1963-1964 growing season. In order to study seed germination under 
a wide range of environmental conditions, plastic tents and soil heating 
cables were used to artificially manipulate the germination environment. 
Another objective of this latter study was to define the optimum tempera-
ture requirements for germination of selected weed species under field . 
conditions. One of the reasons why these weeds cannot be satisfactorily 
controlled lies in the fact that only a limited number of the seeds 
germinate at any one time or in any one season. Dormancy, in Amaranthus 
retroflexus and Portulaca oleracea, does not appear to be a limiting 
factor in early spring germination. The reason that a relatively small 
percent of the total weed seed population germinates may be in part due 
to the lack of an optimwn environment. 
It has been noted that the total germination of a weed population 
will vary from year to year. In certain years, the cultural weed control 
practices adequately control these weed types, while in other years 
these practices are ineffective. One of the most common cultural weed 
control practices allows the weeds to germinate in the early spring 
followed by disking before they become established. The crop is then 
sown. Subsequent germination and seedling emergence of the crop or weed 
population will be influenced by prevailing environmental conditions. 
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The explanation for this comes in understanding the germination and growth 
requirements for both crops and weeds. 
Went (1948, 1949a, 1949b) and Tevis (1958) have noted in Death 
Valley, California that the temperatures 'Which prevailed at the time of 
the infrequent rainfalls were a critical factor in determining what 
species of plants germinated. Other workers have noted similar patterns 
in weed germination. The investigation of the relationship between species 
germination and prevailing temperatures was another objective of this 
study. 
Numerous workers have stated that delayed germination is of survival 
value to the plant, since it prevents germination and killing by unseason-
able cold temperatures. Since several of the weeds under investigation 
have an environmentally imposed dormancy, it is conceivable that natural 
weed seed populations could be stimulated to germinate in the early spring 
and then eradicated by frost. If this is possible and large numbers of 
weed seeds could be stimulated to germinate, it would greatly facilitate 
the cultural practice of disking under seedlings and reducing the total 
weed seed population. 
·i" In a study of the influence of air temperature on germination of 
crabgrass seeds, Kaewar (1956) utilized heat units as a means of 
predicting date of germination. This system assumes that a linear 
relationship exists between average temperature and growth. This definite-
ly does not exist. Another objective of this study was to calculate heat 
units and correlate these with seed germination as a possible method of 
predicting the date of germination obtained under various environments 
in the field. 
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LITERATURE REVIEW 
Germination and Dormancy of Selected Weeds 
Amaranthus retrof lexus 
Crocker (1906) showed that the mechanical restriction afforded by 
the seedcoat to expansion of the embryo was the main factor influencing 
primary dormancy in seeds of Amsranthus retroflexus. Any factor which 
reduced the structural strength of the seed coat, such as abrasion, the 
use of acids or increased temperatures, was instrumental in breaking 
primary dormancy. It was not known how long this condition, responsible 
for dormancy, persisted in seeds of Amaranthus in the soil (Evans, 1922). 
Among the seeds which have been shown to be dormant when freshly 
harvested are those of Amaranthus retroflexus and Rumex obtusifolius 
(Barton, 1945). Fresh seeds of Amaranthus germinate at a temperature 
ranging from 30-400C. Samples held dry, gradually change in their 
capacity for germination so that, after two or three months, they will 
germinate over a wide range of temperatures. Some seed germinated, 
although relatively slow, at temperatures as low as l0°c. 
Barton (1962) points out that seeds of Amaranthus retroflexus, when 
freshly harvested, show a degree of dormancy which varies from year to 
year and from location to location. When any freshly harvested seed lot 
is placed under moisture conditions which favor germination, the tempera-
ture determines the number of seedlings emerging. 
Concerning the life-span of weed seeds, Crocker (1948), points out 
that seeds of Amaranthus retroflexus and Portulaca oleracea were viable 
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after 40 years of storage in sand. Crocker and Barton (1957) point out 
that one of the remarkable things about the longevity of weed seeds in 
the soil is that most of them do not have impermeable seed coats. This 
implies that they become fully inbibed with water shortly after falling 
to the ground and remain in that condition until germination requirements 
are satisfied. Some weed seed actually remain viable longer in the soil 
than they do in dry storage in the laboratory. 
In an effort to obtain more definite information on the behavior 
of certain seeds, Barton (1945) collected seeds of AtiJSrantbus retroflexus 
in 1942 and 1943 and pl.seed them in germinators at 20°c. Some of the 
seed remained dormant for more than six years, while others germinated 
sporatically throughout the course of the experiment. The seeds could 
0 be induced to germinate at any time by raising the temperature to 35 C., 
0 by rubbing them in the palm of the hand and replacing at 20 C., by 
partial desiccation, or by use of alternating temperatures. Dormancy 
0 induced on the moist medium at 20 c. resulted in a decreased respiration 
rate. 
This reduction in the respiration rate of seeds has been the object 
of several studies. Barton (1945) observed a reduction in the respiration 
rate of Amaranthus seeds held moist, without germination. These freshly 
harvested seeds were held dormant on a moist medium by placing them, at 
temperatures which inhibit germination at that time. The onset of 
0 
reduced respiration of Amaranthua retroflexus seeds at 20 C. became apparent 
after two days and was definite after eight days in moist storage. 
Measurements continued on these seeds held moist at 20°c. at intervals 
8 
up to 901 days. The seeds showed a gradual reduction in the volume of 
gaseous exchange to about 10 percent of the original production. This 
rate was reached at the end of a year. 
Sherman (1921) investigated the respiration of dormant seeds of 
Amaranthys retroflexus and Chenoeodium album. These seeds were held dry 
from the time of harvest until 24 hours before respiration measurements 
were to be taken. The carbon dioxide given of£ end the oxygen absorbed 
by seeds of Amaranthus were determined after dry storage for a period 
frO'lll 3 to 176 days. The respiration values were higher than those 
reported by Barton (1945) for seeds of the same species held dormant 
under moiat conditions. This may he accounted for, in part, by the 
progressive after•ripening in dry storage and the persistence of an 
initial dormancy, or the onset of secondary dormancy in moist storage at 
a temperature unfavorable for germilUltion. 
In a storage experiment using peas, Went (1957) found that germina~ 
tion decreased exponentially with inc.reasing age. However, the viable 
seeds germinated as well> and formed as vigorous plants, as seeds collected 
from recently harvested plants. A large percentage of the seeds did not 
germinate but immediately rotted or molded. It seems likely, therefore, 
that aging in pea seeds is largely a matter of the disappearance of 
antibiotics, which protect the seeds when they are exposed to soil. 
Further, it is possible that the formation of antibiotics in the seed 
also affects the respiration and germination properties of the seed. The 
reduction in the rate of respiration of Amaranthus observed by Barton 
(1945) could be explained using Went 's (1957) hypothesis. 
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Periodicity of germination has also been observed for seeds of 
Atqaranthus held moist in a 2Cf'C. room for 78 months after harvest 
(Barton, 1945). Crocker and Barton (1957) noted that 
Germination behaviour at this temperature which is unfavorable 
for germination of the freshly harvested seeds is difficult to 
understand. A few seeds germinated immediately and other 
germinated at intervals with no apparent cause. Careful records 
of germination ••• exhibited a remarkably uniform periodicity 
of germination • • • Under natural storage conditions in the 
soil, Amaranthus retroflexus seeds germinate before 10 months. 
The periodicity in their germination under controlled conditions 
was apparently independent of external conditions. That the 
germination of seeds of any one lot was so distributed indicates 
the absence of uniformity of physiologic behavior. The difficulties 
in separating the several factors involved in determining germina-
tion are apparent. 
Bruns (1958) studied the effec~ of fresh water storage on germination 
of several weeds including Amaranthus retroflexus. He observed that 
after 33 months in water, 90 percent of the seeds were no longer sound. 
The remaining 10 percent sprouted. 
Evans (1922) noted that seeds of Amaranthus which were stored for a 
long period of time failed to completely after-ripen as a result of some 
factor associated with the seed coats. The minimum temperature at which 
germination will occur with fully after-ripened seed is lowered by the 
removal of coat restrictions. In freshly harvested scarified seeds, the 
minimum temperature for germination was the same as for dried seeds with 
coats which had been scarified. The ability of Amaranthus seed to respond 
to optimum germination conditions, embryo vigor, and the rate of growth 
of the naked embryo under any given set of conditions is not affected 
materially by after-ripening. In this species after-ripening apparently 
does not involve the embryo directly, since embryos of fresh seed develop 
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vigorously if the seed coat effects are removed. The germination of 
seeds of Amaranthua is slightly inhibited by light at all temperatures, 
according to the unpublished experiments of Crocker and Davie. This 
inhibitory effect of light on germination applies also to treated seeds 
(Evans , 1922) • 
Woo (1919) studied the chemical constituents of Amaranthus 
retroflexus tissues and seeds. He noted that the genus bas a very high 
capacity for nitrate absorption. as well as the ability for maintaining 
a high seed production capacity in conjunction with the accumulation of 
free nitrates. 
Chenopodium album 
The dormancy of Chenopodium album was studied by Williams (1962) 
in which he observed that the species produced a high proportion of 
initially dormant seed. Struetura Uy some seeds possess a smooth seed 
coat, while others have a characteristic, raised reticulum. Freshly 
harvested seed germinated from 30•35 percent. Exposure to cold increases 
this to 60-64 percent. Com.pounds containing nitrogenous radicals are as 
effective as cold in breaking dormancy. It appeared that seed germination 
in the field was a functiou of seed polymorphism and was influenced by 
* " the temperature and nitrate level of the soil. These two factors may 
interact in the germination environment. There also exists a color 
difference between seeds in any one lot. The majority of the seeds are 
black, although a few, large brown seeds are often present in represents-
~ ~ 
tive samples. Jrown seeds exhibit no dormancy. Black seeds are dormant, 
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a condition which may be satisfied by either cold storage or treatment 
with a nitrate solution. 
Gleason and Cronquist (1963) point out that Chenopodium album is a 
* polymorphic weed indigenous to Eurasia, U. S. ands. Canada. There are 
numerous forms .of the weed, several of which had been given species rank 
by early taxonomists. There is a malodorous form with small seeds, a 
form with prominently sculptured seeds, a narrow-leaved form, and a 
green-leaved form. Williams (1963) studying the biology of Chenopodium 
album observed that seedlings germinating in the autumn are inevitably 
killed, and that late spring frosts can affect the establishment of the 
weed. 
An abstract of the work of Kolk (1962), who studied viability and 
dormancy of stored weed seeds, showed the Chenopodi\.Ull has a relatively 
long dormant period under natural conditions. This period may extend 
longer than 3 years, and is only slightly affected by alternating tempera-
tures. 
Crocker (1906) has suggested that seeds of Chenopodium are maintained 
in a state of primary dormancy in the soil as a result of the lack of 
permeability of the seed coats to water. The author considered seeds 
which possess seed coats that exclude water much better adapted to 
longevity in the soil than are those with seed coats which exclude only 
oxygen, since there is much less respiration in hard seeds. 
Hard seed coats are conducive to prolonged keeping quality, which 
favors the continuance of the species. Not only do such seeds remain 
viable for long periods of time, but individual seeds become permeable 
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at different periods after harvest. In this way any lot of seeds is 
capable of producing seedlings over a period of several yeare. Hard 
seed coats have been shown to be a genetically inherited characteristic, 
although environmental conditions also in.fluence the percent of hard 
seeds which appear in any one crop (Crocker and Barton, 1957). 
Dig1taria sanS!;linalis 
Toole and Toole (1941) studied the germi?Uition of Digitarta as 
influenced by temperatu~e and other environmental factors. 'lhese workers 
fowid that freshly harvested seed germinated extremely slowly. requiring 
more than 196 deya for complete germination under the most favorable 
germination conditions. They also observed that in any given treatment, 
seeds r11spond differently, the degree vu:ying with the specific treatment. 
Toole and Toole (1941), and Delouche (1955) observed that there was 
a marked change in the temperature requil:ement .for germination and in 
rate of germination for a given temperature condition as seed aged. 
Breaking seed coats a ll~ed complete germination. Sixteen months in dry 
storage or two months in moist sand at 2°-4°c. eliminated dormancy. 
Kaewar (1956) converted air temperatur-es recorded by the U. S. 
Weather bureau at Minneapolis, Minnesota to heat units using a base 
10°1. during the spring of 1954J 1955, and 1956. Bach degree of the 
average mean temperature above 70°F. equaled one heat unit. Calculating 
cumulative heat units the author concluded that: 
The dates for the first emerged carbgrass plants w•re 
June 11th, in 1954, June 4 in 1955, and June 9 in 1956. In 
each instance approximately 25 to 30 heat units had accumulated 
• • • In each instance initia 1 crabgrass emergence occurred 
foll~ing several days when air temperature averaged in the 70's. 
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In the laboratory study crabgrass emergence occurred in less than three 
0 days when a constant temperature of 75 F. was maintained. Approximately 
0 four days were necessary when a temperature of 72 r. was used. Kaewar 
concluded that the increased germination was due to the cumulative heat 
unit effect. 
Plantaso rugelii and ?,. maJo-r 
Sagar and Harpel:' (1960) studied factors affecting the germination and 
establishment of various species of the genus Plantago.. In studies with 
Plantago major the authors noted that: 
Many aspects of the life-cycle of l,. major suit it for 
life as an annual species; self compatibility, rapid estab• 
lishment and £lowering, quick maturation of seed. Neverthe-
less ?,. major is capable of persisting as a true perennial. 
Steinbauer and Grigsby (1957a) found that maximum germination of !,. 
J 
major could be achieved in the preaenee of light with the temperature 
fluctuating between 20° and 30°c. and with a seed soak containing .2 
percent potassium nitrate,. The authors also found that freshly harvested, 
mature seeds required approximately a week of chilling at s0 c. before 
they would germinate. Total darkneas prevented the germination of !. 
major. Sagar and Harper (1960) found that !, .. maJor required light for 
germination of the majority of the seeds in a sample, although a small 
proportion of the seed was capable of germinating in total darkness. 
Sagar and Harper noted that the effect of raising the tempeTature from 
20° to 2s0c. was "strikingly" for!,. ma1.or, but not for the other 
Plantago species. The sensitivity of ?,. malor remains after fourteen 
days of prechilling, indicating that these treatments are not alternative 
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germination requirements. 
Sagar and Harper (1960) sowed seed of several Plantago species in a 
variety of habitats ranging from a natural to that of a typical agricul-
tural environment. Seedlings of the species were also transplanted into 
the same environments. Seedlings of ~- major failed to develop in the 
environments made up of tall grasses. This observation suggests that the 
light requirement for the germination of ~- major was not satisfied under 
conditions supporting high populations of tall herbage. It was apparent 
from these studies that germination and early seedling growth can be 
critically affected by the existing habitat. Only rarely has it been 
possible to either introduce a species into a new habitat or to increase 
its existing density or balance by sowing seeds. 
The dormancy and germination characteristics of the seeds of Plantago 
ma:tor. Plantago rugelii have also been investigated by Steinbauer and 
Grigsby (1957b). Seed of both species were dormant at the time of harvest. 
This dormancy persisted for several months under conditions of dry 
storage. Dormancy could be terminated by subjecting the seeds to one or 
0 two weeks of a moist, prechill treatment at 5 C. With alternating 
temperatures of 20°-30°c., optimum moisture, and exposure to light, 
4 percent of freshly harvested f. major seeds germinated. The addition 
of potassium nitrate to seeds increased germination to 35 percent. 
Prechilling seeds for 1 week resulted in 4 percent germination, although 
the addition of the solution increased germination to 99 percent. Seeds 
which were stored for 4 months and germinated in water gave 3 percent 
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getmination. Adding potassium nitrate increased getmination to 93 percent. 
No germination took place in the dark. The response of l,. ui.aior and l,. 
rugelii to various treatments was quite similar. 
Polxgonum pensxlvanicum 
The getmination and dormancy of Polygonum eensylvanicum has been 
studied by Lacroix (1961). The investigator concluded that the condition 
of the embryo i8 responsible for seed dormancy .in!. :geyylvanicum. His 
study also showed the inadequacies of precise dormancy classifications 
and revealed some of the compl xities of dormancy mechanisms. Evidence 
of the sequence of events which lead to the termination of seed dormancy 
in l,. eensylvanicum is incomplete, although the data suggests possible 
stages in this developmental proceea. Freshly harvested seed express a 
high degree of dormancy. Excised embryos from freshly harvested seed 
will develop into normal seedlings. Embryos b•come increasingly doniant 
with extended periods of dry storege and the condition is accelerated by 
moist storage. 
Seed dormancy in the absence of embtyQ dormancy suggested that the 
failure to germinate might be due to the presence of a germination 
inhibitor in either the endosperm or seed coat. The interaction between 
the embryo and surrounding tissue systems is apparently complex. 
LaCroix (1961) summarized his observations OJ\ dormancy in E,. 
penaylvanicum by the following statement: f 
Preliminary studies of seed dormancy in ?,. penavlvanicum have 
revealed a compleK system. governing gennination in this species. 
Embryo dormancy and ge:nnination inhibitors appear to be involved 
in an intricate pattern of interaction which may result in varying 
degrees of embryo dormancy in the presence or absence of overall 
seed getminebi lity. 
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Portulaca o1erac•! 
Heit (1943) observed that occasional lots of seed of Portulaca 
oleracea exhibit extreme dormancy. In general, 80 percent or more of the 
lots germinate vigorously at 20° to 30° c.. Occasional lots of seed 
showed no germi:o.ation, regardless of temperature. When the seed was pre-
o 0 
chilled for one month at 3 to 5 c., relatively high germination percent-
ages were recorded. 
In Death Valley, Califotuia, a very distinct July and Aug\,lst flora 
develops after rare sununer rains. Po~tylaca olerac!! is one of the annuals 
which develops under these conditions. Went (1957) classified Por~ulaca 
as a SU11'1JDer annua 1 in the desert. Seasonal differences in annual vegeta-
tion in the desert were primarily due to temperature differences after 
rains. 
Halsted (1899) noted. that purslene pi:oduces large numbers of seeds 
in a very short time. He stated that "it is surprising how rapidly form 
the minute black seeds. Only a single week is needed from the time of 
pollination to the maturing of the green oval pad with its contents of a 
hundred shining seeds." 
·~ Environmente 1 Factors Affecting Genaination 
Germination, or the resumption of the growth of the embryo is 
initiated when a seed is supplied with favorable enviroJ'IDlental factors, 
inclusive of ample -moisture, a favorabl«J temperature, and sufficient 
oxygen. In addition, there are seed types which are sensitive to light, 
a factor which influences the germination characteristics of these types. 
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The specific combinations of factors necessary for the germination of 
seeds has been widely studied. These combinations of factors and mecha-
nisms controlling the germination patterns of seeds play an important 
role in the ecology of plants and the persistence of weed&. 
For 111Sny years ecologists and plant physiologists have gi'W!n partic .. 
ular attention to the biological •ysteins that regulate the gemination 
of weed seeds under natural conditions (B11lings, 1957) With the in-
creased interest in this area and with more emphasis being placed on field 
germination studies, the development of improved weed control practices 
is inevitable (Brenchley and Warrington, 1930, 1933, 1936; Roberts, 1962, 
1963). 
Temperature is one of the primary factors influencing the g t'lll1nation 
of seeds. Studies on temperature requirements have been given considerable 
attention by investigators interested in seed physiology. These •t\ldies 
have included determinations of the ef fe.cte of alternating temperatvres , 
constant temperatures, and prechilliug or after ripening temperatures on 
seed germination. The great vartabiU.ty in the optimum germination 
temperature for different species and within a speci•s will depend on the 
age of the seed• storage conditiol\8, and many other factors. The ef fee ts 
of alternating temperatures on seed germina.tion have also been widely 
studied (Toole and Toole, 1956). 
Temperature has a marked effect on the initiation of dormancy and 
on the after ripening process. On the basis of the effect of temperature 
on seed germination, plants may be divided into three general groups 
(Went, 1957). In one group are those plants having seeds which germinate 
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in proportion to the temperature of the environment. The second group 
contains those plants having seeds that gradually increase in the germina-
tion percentage with increasing temperatures. However, when this rate of 
germination is extrapolated towards the abscissa, a point is reached on 
the temperature curve where no germination could be expected to occur. 
In the third group there are those plants having seeds which show a very 
marked optimum gemination percentage st relatively low temperatures. 
Went (1953) noted three distinct temperature effects on plot growth i.e. 
a. the direct effect on gennination, b. the effect on dormancy, and 
c. indirect effects on subsequent development. 
Effect g! alternating temeeratures ~ seed germination 
Early workers believed that the favorable effects of alternating 
temperatures on germination may be the result of differences in water 
intake by seeds (Haberlandt, 1875). Harrington (1923) rejected this 
hypothesis on the basis that many seeds in which germination is favored 
by alternating temperature actually absorb more water than is required 
for germination, regardless of the temperature regime. Liebenberg (1884) 
suggested that reserve materials made available at any given temperature 
were generally utilized in respiration. However, any surplus which 
became soluble at higher temperatures was available for growth when the 
temperature was lowered, resulting in a reduction in the intensity of 
respiration. 
Gassner (1910) considered the effect of temperature alternation upon 
the germination of Chloris ciliata to be entirely a matter of oxygen 
relationships. Vanha (1898) noted th4t differences in temperature between 
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the various parts of the seed, the germinating bed, and the outer air, 
following a sudden temperature change result in dtffe~ent gas densities, 
which may set up rapid gae movements leading to the remova 1 of carbon 
dioxide and r.anewal of oxygen. These conditions are favorable to in-
creased respiration and probably to germination. 
Harringt.on (1923) stated that: 
Probably none of these hypotheses can furnish a complete 
explanation of the ef feet of temperature a lternatioM but they 
point the way for an attack upon the problem. A de.tailed study 
of the respiration and internal changes of the seeds at different 
temperatures would probably help in its solution. The respiratory 
quotient of dormant apple seeds decreases with decreasing tempera• 
ture, and vice versa. tf this is true of dormant embryos general .. 
ly > there may be at low temperatures. an ace:urmilation and actual 
metabolism of oxygen in a form whtch becomes immediately available 
for the inception of growth proeesaes when the seeds are placed at 
the higher temperature. This hypothesis is in some respects the 
converse of that of Liebenberg (1884) ~ but it does not stand in 
opposition to that of Van.ha (1898) or Gasaner (1910). 
Barrington (1923) further stated that: 
Heat might be contJ.idered a stimulus to germination; and the 
advantage of an alternation betw•en temperatures, the warmer of 
wh.ich lies either near the upper limit of endurance of a given 
seed or above the optimum for its germination, might lie in the 
fact that the seed is given the temporary and recurring advantage 
of an elevation of temperature without bein~ subjected to harmful 
effects of long-continued exposure to a high' temperature • 
.. 
Davie (1939) presented an explanation of the advantage .of altemat .. 
ing temperatures over coruJtant temperatures in regard to seed germination. 
He suggested that alternating temperatures were particularly e.ffective on 
seed types having membranes that restrict gaseous exchange. When such 
seeds are subjected to high constant temperatures in a germination 
chamber, both the respiratory rate and the catalase activity increase. 
The duration of this period of increased activity depends on the tempera-
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ture and the extent of the restriction of the oxygen supply. A decline 
in activity occurs with prolonged exposure, until both processes become 
relatively constant regardless of the length of time. This condition of 
the embryo is designated as fatigue. The seed and included embryo may 
subsequently pass into a condition of true dot'P18ncy. When alternating 
temperatures are employed there is a rise in both the respiratory inten-
sity and the cata lase activity throughout the period of germination. No 
perceptible fatigue is apparent. The period of time required at each 
temperature of the alternation depends upon the e~tent of the restriction 
of the membranes and the temperatures employed. The higher the upper 
temperature of the alternation may be, the shorter is the time required 
at that temperature, and the longe-r at the lower temperature in order to 
prevent fatigue. 
Toole !! !J.. (1956) suggested that the beneficial effects derived 
from ~rying temperatures may result from the formation of a balance of 
the intermediate materials of respiration at the high temperature portion 
of the cycle. These intermediate products, though unfavorable for germina-
tion at a high temperature, may promote germination at a lower one. With 
seeds that require daily alternation of temperatures, more than one 
tempel'ature regime may be required to attain a favorable balance of 
substances, or series of chemical changes that ultimately lead to germina-
tion. 
As a result of thermodynamic studies with lettuce, Koller !!_ !.!. 
(1962) suggested that there may be a plastic or adaptable macromolecular 
compound, such as an enzyme precursor, or a membrane-separating reactant, 
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which is sufficiently modified by the temperature change to initiate the 
germination process.. Koller concluded that neither the rate nor the dura-
tion of the tem~rature change determines whether germination will occ'1r. 
The author suggested that the actual change in temperature of the seed 
itself determines the point at which germination wi,11 begin. 
Another theory on the effect of alternating temperatures on seed 
germination is based on the assumption thst there is an endogenously 
controlled daily rhythm in seeds. A seed would remain in the dorm.ant 
condition if the cy<:le-. in the component parts of the seed, or in different 
cells, were out of phase with one another. A changing environment, caus• 
ing slight balance shifts are known to synchronize such out-of-phase 
rhythms (Koller et al.1962). 
--
Harrington (1923) emphasized that the beneficial effect of tempera-
ture alternations cannot in any way be referred to a constant temperature 
equivalent, to the mean temperature of the alternation, or to the extreme 
temperatures of the alternation. At the aame time it is possible to 
see an effect of mean daily temperature supplementing the more important 
effect of the temperature changes. 
The work of Barrington, with Kentucky bluegrass (Figure 1) illustrates 
the effect of teQ1Perature on seed germination. From this date it is 
obvious that there are several diverse temperature regimes which will 
result in either very high germination, or in very low germination. 
The effect of constant and fluctuating temperatures on the germination 
of weed seeds in arable soil was studied by Warington (1936). Three 
enviromnents were used in this study, namely (l) small daily fluctuations 
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Figure 1. Average rates and percentages of germination of three lots 
of Kentucky blue-gra•e seed under 13 temperature conditions 
{Barrington, 1923) 
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in temperature and siwdued light (incubator), (2) small daily fluctuation& 
in temperature and almost complete darkness (cellar), and (3) large daily 
fluctuations in temperature and bright daylight (non-heated glasshouse). 
The mean temperat1,1re between the three environments was quite similar. 
Large nund>ers of seedlings germinated in the glasshouse and relatively 
few in the cellar or in the incubator. Waringtou concluded that except 
for Cae@ella bur§a•pastor1$, which showed a marked response in the 
presence of light, the failure of weed seedlings to appear while in the 
cellar and incubator was directly attributable to insufficient fl\JCtua-
tions in temperature, rather than the lack of light. Removal to the glass• 
house at the end of the first or second year 'brought about an immediate 
response with a number of seedlings of a variety of species germinating 
at once. This could not have been induced by the action of light, since, 
the species genninated readily in pans stored in the dark, and exposed to 
fluctuating temperatures. 
Optimal germination temperattp:es 
The concept of optimal germination temperatures was considered in 
detail by Edwards (1934). He pointed out that the expresdon is mislead-
ing and has been wied in at least six different ways. ~he ca_~dina_!__ ... 
germination temperature for a particu.J.a..~-s.eecl is tnfl\,l•!lc_~d ~~- the ~tage 
~f after-ripening, the testing technique use~, and the criteria eJlll)loyed 
for judging the occurrence of germination or emergence. The importance 
of these factors• unfortunately, was not genera Uy recognized by the 
early workers whose investigations provide a considerable portion of the 
data available on this aubje~t. Accordingly, it is difficult to evaluate 
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their findings (Richards.!!,!.!. 1952). 
Two other factors which are also important have largely been disre• 
garded. The faet that many species are morphologically polymorphous 
would suggest that they also are physiologically polymorphous. A variety 
of a given weed species sampled from different environme.nts might well 
differ in its germiiiation and domsncy characteristics. Also, th.e effect 
of enviro=ental preconditioning has received only limited attention. 
These two factors have been emphasi~ed in a recent ·symposium edited by 
Evans (1963). 
Harrington (1923) sunmarized the concept of optima 1 or cardinal 
temperatures as follows; 
It is known that the germination temperatures of some seed 
change with after-ripening. At any rate, the differences obtained 
here illustrate the apparent impossibility of finding any single 
tempeX"ature condition which will be the optimum for every indivi-
dual lot of seed, regerdlesa of its peculiarities or its previous 
history. 
fhe effect 9!. moist!1£e £m S!ed set'Ulination 
GerJBination may be effected by the water relations that exist both 
before and during inhibition. The promotive effects of desic,cation 
before inhibition are of importance to several species. Specific effects 
of water are probably caused by the leaching of water-soluble inhibitors. 
Favorable effeets of alternate moistening and drying are possibly 
caused by increased amylase activity (Koller ~ !,.!. 1962). There is a 
remarkable specificity in seed germination by various speetes at differetlt 
levels of soil moisture (Richards~ .!l. 1952). 1 Landers observed that 
1 Landers, R. Q., Ames, Iowa. Portulaca germination and competition. 
Private communication. 1964. 
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£lats containing a soil with a high weed seed population and placed under 
different moisture levels produced entirely different weed seedling 
populations. Portula«(a ole:racea was the dominant species under the driest 
germination conditions. 
Selleck and Coupland (1954) observed that alternate wetting and 
drying bad a pronounced effect on the germination of leafy spurge. The 
effect of alternate wetting and drying varied with the different species 
studied by Griswold (1936). The latter author stated that the behavior 
of seeds depends upon the particular species, the rate of drying, and the 
time w'hen drying takes place. Munnerati and Zapparoli (1914) classified 
weeds according to their seed response to wetting and drying. Amaranthus 
r!trofle~us was included among the weeds which germinated &lowly when 
continually moist, but responded with rapid and high germination percent• 
ages following a period of drying. 
In reviewing the literature no information was .found pertaining to 
the effect of drying winds on soil aeration. It would appear that there 
may be an interaction between the rapid drying of the soil crust and 
aeration on weed seed germination. It was observed in the Spring of 
1964, that weeds failed to germinate following a drying wind which formed 
a dry crust on the soil surface, even though there was adequate soil 
moisture below the surface of the ground. When beakers were inverted 
on the soil, preceding high winds, germination took place only under 
these beakers. Soil temperatures in the field were sufficiently high 
at this time of the year for germination to occur. 
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Aerat.ion ,!n relation !.2, .!!&!! germination 
Many workers hav• studied the soil•seed aeration relationship 
(Bibbey, 1935, 1946; Brown and PQrter, 1942; Purr and Aldrich, 1943; 
Kidd and West. 1914; Hutchins, 1926; Morinaga, 1926; R~asell and Apple• 
yard, 1951; Russell, 1952; and Thornton, 1944, 1945). 
The levels and relationships of oxygen and carbon dioxide have been 
shown to be closely associated with primary and secondary dormancy of 
weed seeds. Seeds of different species vary in their oxygen requirements 
for getmination, and in their response to carbon dioxide. Seeds of the 
same species vary in ~heir response to these gases according to their 
stage of after-ripening and the environments 1 conditions under which they 
are held. There are opposing schools of thought on the role of oxygen 
and ca;rbon dioxide in germination and dormancy. Considerable work is 
needed to clarify soil-seed aeration as it is related to seed dormancy 
and getm.ination (Bibl:>ey, 1946). 
Bibbey (1946) hae reported that: 
Seeds of Tblaspi arvense and Bras11ca arvensie were generally 
found to be in environmental dormancy after lying several years 
in the soil.. Our work indicates that inadequate aeration is the 
main factor preventing the germination of these . eeds. Experiments 
in different gas concentrations showed that seeds of weeds and 
crops which germinate readily in the field were tolerant to adverse 
gaseous environments, while seeds which display pronounced environ• 
mental dormancy ••• were very sensitive to low oxygen or to high 
carbon dioxide pressures. Oxygen concentratiOl)s of less than 16 
percent, gave marked inhibition, and less than 12 percent oxygen 
or over 10 percent carbon dioxide gave nearly complete germinative 
inhibition to these sensitive seeds. 
Low oxygen and/or high carbon dioxide has been reported to reduce 
the genntnation of seeds of several species of plants. An interac.U.on 
between oxygen, carbon dioxide and t.emperature has been found by several 
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workers to affect gennination (Mack, 1930, and Tang, 1931). The absence 
of adequate oxygen may result in the production of respiratory products 
that act as gennination inhibitors (Russell, 1952). Mayer and 
Poljakoff•M.ayber (1963) in their discustion of gases oote that fr<ml an 
ecological point of view, the function of gases in regulating gennination 
is complicated. They note that "it seems probable that the internal 
I 
concentration of gases in the seed is the only determining factor and it 
is possible that the carbon dioxide/oxygen ratio is deteX'lJ\ining rather 
than the absolute concentrations of each. 0 
Tlte effect 2!, lig9t ,ga_ seed gepntnation 
The eubject of th effect of light on seed genaination has received 
considerable attention by recent reviewers (Toole et al. 1956; Koller 
--
£1 !.!. 1962; Crocker and Barton, 1957). Only a very brief discussion 
will be presented in tbia review. 
Koller (1962) divid"s th• effect of light on germination into tht'ee 
parts, namely, (1) inhibition or promotion of g~rminstion, (2) photo• 
periodiam, (3) temperature light interactio11s. In the first category 
it has been established that the light mechanisms active in germination 
are the same as those involved in a large array of other photomorphogenic 
phenomena. In the second effect of light on germination it has been 
observed that seeds with a light-induced or light-inhibited germination 
reapenee actu.a Uy possess features similar to those of either long-day 
or short-day plants. Pbotoperiodic responses uaua Uy occur only within 
very specific temperature ranges, and may be modified considerably, or 
even completely, outside these ranges. ln the third categoey, r.elation-
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ships bet·ween varying light and temperature treatments have been studied. 
These have indicated that the requirement for, and responses to, specific 
light conditions may be increased, decreased, eliminated responses to, 
specific light conditions may be increased, decreased. eliminated, or 
changed qualitatively by temperature. Conversely, requirements for, and 
reePoases tot specific temperatures or temperature regimes may be increased, 
decreased, or changed qualitatively by light. In some cases the specific 
requirement for light cannot be changed by temperature, and vice versa. 
Seeds of Pla:ntago tQ.ajor are an example of a response where the specific 
requirement for light cannot be changed by temperature, or the tempera-
ture requirement be changed by light (Sagar and Harper, 1960). 
Seed Dormancy 
Data pertaining to the dormancy of seeds may be found in several 
texts, namely, Crocker and Barton (1957), Mayer and Poljakoff ·Mayber 
(1963), and Went (1957), and in reviews by Vegis (1963, 1964), Toole 
J1 !J.. (1956), and Koller .!! !!· (1962). 
There is considerable confusion in regard to the terms dormancy and 
rest period as they apply to seed germination (Mahlstede and Haber, 1957). 
The terms and their definition vary according to the individual inves-
tigator and his field of work. Bibbey (1948) has compared the terms 
enviromnenta 1 and inherent dormancy with induced and natura 1 dormancy 
used by Brenchley and Warington (1936). and with Crocker• a use of primary 
and secondary as subdivisions of inherent dormancy. Thurston (1960) 
supports the use of the terms innate, induc•d and enforced dorinancy. 
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Innate dormancy is referred t .o as a property of the ripe seed as it leaves 
the parent plant. Seeds expressing this type of dormancy cannot germinate 
until they have been stratified and undergone an after-ripening period. 
Induced and enforced dormancy develops when a non-dormant seed is exposed 
to certain conditions, and continues after the co.nditions change or the 
seed is removed from the environment. In enforced dormancy, seeds are 
prevented from germinating solely by external environmental limitations. 
When these limitatiOllS change and favorable conditions exist, the seed 
germinates. 
Lacroix (1961) and Nieto•Batem (1963) have discussed the complex, 
interacting systems which control germination and have concluded that 
simple classifications of dormancy are inadequate to explain such complex 
mechanisms. 
Vegis (1963, 1964) in his reviews on dormancy in higher plants 
discussed the dormancy of comparable organs in order to draw spef!ial 
attention to phenomena which are common to all plants. Vegis, as well as 
many other workers have pointed out that dormancy is a result of the 
adaptation of a taxon to the environmental conditions which prevail at 
the place of origin. Thie has been expressed by Clausen, Keck, and 
Hiesey (1948) by the statement: 
There is no doubt that in plants, as in animals, many 
species may be divided into races or groups of genetic types 
which are •dapted to the different ecologica 1 conditions found 
in different parts of their range. 
It ts likely that most species with a contitl\IOU& range that includes more 
than one latitudinal or altitudinsl climatic belt will be found to pcssess 
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clines for the physiological characteristics adapting them to the condi-
tions prevailing in the different parts of their range (Stebbins, 1950). 
Baur (1911) observed that dormancy is often considered a hereditary 
property. He considered the beginning, duration and end of the rest 
period, as we 11 as the length of the vegetative period to be genetically 
controlled. In connection with this conclUSiOI\, one mu.st bear in mind 
that the properties themselves are not hereditarily transmitted, but 
rather only the type, of response to the individual and combined external 
factors. The same genotype msy produce different phenotypes under various 
environments. Plants Possess the ability to respond to a certain combina~ 
tion of external factors through a particular type of growth response 
(Vegis; 1963). 1 
Vegis (1963, 1964) expressed the view that there ate various phases 
of the rest period and various kinds of dormancy. He states that plants 
have an ~arly rest phase that gradually passes into a middle phase, or 
middle rest period, which in turn goea into an after-rest period. When 
after-rest and the rest period as a whole are terminated and the state 
of post-dormancy disappears it is at this point that the growth activity 
has reached its maximum point. Plants which have not completed their 
rest period can, under certain conditions, be obliged to re-enter the 
true dormant state or secondary dormancy. Until the present time most 
attention has been given to the middle phase of the rest period, or the 
condition of true dormancy. The states of pre .. and post-dormancy have 
not been investigated extensively, except for the nonafter-ripened seeds 
of many cultivated plants which have 11mited germination ability after 
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harvest. 
Under the IQSin heading of changes of the temperature requirement for 
bud break and seed germination duri~g the rest period, Vegis (1963, 1964) 
lists three subdivisions: (1) narrowed range fo.r germination and bud 
baeak at low temperature, (2) narrowed range for germination and bud 
break at intermediate temperatures. The author states that the type of 
temperature change, narrowing mainly through decrease of maximum teinpera• 
ture permissible for germination and widening th·rough increase of this 
temperature at relatively constant Dli.nitnUm temperature appears to be 
comm.on. The seeds of many species of fru.U: trees in the famly Rosaceae 
respond in this manner. During stratification, in the process of after• 
ripening, these seeds first became able to germinate at the lowest tempera• 
ture.s and then gradually at higher temperatures. A similar behavior is 
shown in seeds of a number of weed species (Vegis, 1963, 1964). 
The seeond subdivision is based on a narrowed range for germination 
and bud break at high temperatuJ;ea. Vegis (1963, 1964) has stated that 
Another kind of widening, and pTesumab ly also of narrowing, 
of the temperature range for seed germination and bud break was 
discovered by Crocker (1906) first ill nonafter•ripened seeds of 
Amtranthus species • • • 
Subsequent studies showed that freshly harvested seeds of 
Amaran!hUS. retroflews seeda do not germinate at temperatures 
lower than 400C. but will germinate at this tempera.ture. Seed 
dormancy gradually disappeared in dry storage, as shown 'by a 
continual lowering of the Dlinimum temperature required for 
germination. 
A narrowed range fer germination and bud break at intermediate 
teui~eratures is the third category of temperature ranges for seed 
germiuation and bud break. In seeds and buds of this group the n&l:'row-
ing of the temperature range takes place through the increase of the 
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minimum temperature as vell aa through the decrease of the maximum 
temperature for germinat1.on and bud break. In seeds of Cbenopodiwa 
album, freshly harvested seeds germinated only at moderate t~eratures. 
During after•ripening they becOllle capable of germination both at higher 
•nd lower temperatures. It seems that this type dormancy has originated 
from the adaptation of the seed to two unfavorable seasons, a hot and 
arid summer and a cold winter. It appears that at the beginning of 
predormancy (early rest) in the summer the temperature range narrows, 
mainly through decrease of maximwa temperatures. The ability to grow at 
low temperatures appears to disappear later, because these temperatures 
do not occur in the environment at this time. 
A constant temperature is not required for mllximum effect on the 
growth response of plants.. Periods of short duration may be .sufficient 
to satisfy an after-ripening requirement, provided the temperature of the 
other part of the cycle does not act in an opposite direction. These 
principles apply to the onset of germination and bud break, ae well as 
for the latter's entrance into secondary dormancy or inhibition. In 
seed germination one of the two e ltemating temperatures is us\18 lly the 
most: crucial and muat persist for the greater part of the period (Vegts, 
1964). 
Germination Under Natural Environmental Conditions 
Billings (1957) stated that the factors responsible for the germina• 
tion of seeds under natural environments has been given particular 
emphasis by ecologists and physiologists in recent years. A selected 
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number of these studies will be discussed in this section concerned with 
seed germination under natural, environmental conditions. 
The germination of seeds of desert plants have been studied by 
Juhren !£ !.!.. (1956), Went (1948, 1949e, 1949b), and Tevis (1958). These 
workers have found that the get'IUnation of seeds of the flora of California 
deserts depends largely on the temperstw=e following adequate rainfa 11. 
There will be no germination if the temp.eratures are at either extreme. 
Seeds of the winte-r annuals germinate at temperatures ranging from 8° to 
is0c. and summer annuals within the range of 26° and 27EIC. There is a 
marked eeparation of the winter and summer flora as a result of these 
characteristic germination patterns. 
Went and Juhren (1952) studied the germination of weeds and chaparral 
species. They found that the native population consisted primarily of 
low temperature germ.instors. The native plants were suited to the 
yearly rainfall occurring in Southern California. Summer irrigation of 
fields allowed weeds to germinate but the n«1tive plants would not 
germinate under the high temperature conditions. 
Laude (1957) subjected weed seeds, planted in pots, to heating at 
a maximum of 115°·130°:F. for 6 hours. The relative difference in heat 
tolerance obtained agreed with the seasonal emergence of these -weeds in 
the field. 
In their book, The Germination of Seeds, Mayer and Poljakoff• 
Mayber (1963) attempted to relate various environmental factors to the 
germination of seeds in their native habitat. The demonstration of the 
e:x.istence of a regul.ating mechanism in the laboratory is not proof of its 
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operation under natural conditions. To prove this and to show that the 
pla11t derives some survival advantage from a regulatory mechanism is 
very difficult at best. 
Many workers, including Crocker and Barton (1957), Went (1957), 
Mayer and Poljakoff-Mayber (1963) have pointed out that delayed germina• 
tion is of survival value to the plant. If germination is spread over 
a period of time the species is protected from eradication by adverse 
conditions which might follow germination .. 
The paths to the successful establishment of a weed population are 
many. Bibbey (1946) stated that most weeds have very precise germinative 
requirements. Crocker and Bart.on (1957) noted that for sane species the 
wide range of temperature between minimum and maximum at which germination 
can occur accounts in part for the success of these weeds. 
Morely (1958) working with seed dormancy of subterranean clover 
noted that variations amcng strains in high temperature inhibition of 
germination presumably have arisen as adaptations to ensure survival of 
strains in their native habitat. The mechanism is probably valuable to 
the continuance of the species, since it prevents germination at times 
\1hen seedlings would be unlikely to survive. As temperatures fall during 
autumn in Mediterranean climates, there is greater probability that 
moisture will be available and the survival of seedlings assured. One 
would expect that doiuiancy would inhibit germination at temperatures 
above those normally encountered at the time of initial rains. The 
temperature at which germination ie inhibited would therefore tend to be 
low for strains from colder and drier climates. This hypothesis was 
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tested by germination tests on several strains of subterranean clover 
obtained from two collecting expeditions in the Mediterranean area. 
Statistical analysis of the results supported the hypothesis that higher 
levels of dormancy are associated with seeds collected in the cooler 
climates. They do not support the hypoth•sis that greater degrees of 
dormancy are associated with drier climates. A possible explanetion fol: 
this lies in the fact that summer rains are practically non .. existent in 
arid parts of the Mediterranean area. As a result dormancy may not be 
necessary in such regions for the continuance of the s'pec.ies. 
Tevis (1958) studied germination, growth and JQOrtality of a popula• 
tion of winter ephemerals of the Sonoran Desert in California. The 
objective of this investigation was to determine the retponse of the 
population to the particular set of conditions prevailing during the 
1956-57 season. The chief cause of mortality was uaoisture-stress. 
Wilting of plants was common and considerable losses were sustained in 
early March. The composition of the flora existing tn a~y one period of 
time was determi.ned by existing moisture conditions. 
The eeeds of certain weed species respond to various cultural treat-
ments in differ·ent ways in different yeers. This is no doubt related to 
what Tevis (1958) observed with desert gennination, in that the species 
response was related to a particular set of environmental conditions. 
J 
lt ts obvious that a satisfactory explanation for the germination 
responses o.f specific veed seeds to field conditions will require car1tful 
study. 
An attempt to correlate laboratory and field data on the significant 
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factors controlling development of desert plants in nature was made by 
Juhren .!£. !J:.. (1956). Prom the combined field and laboratory data, 
optima 1 conditions and critics 1 extremes were determined for the species 
., 
which germinated in quantity. Each species studied had a definite and a 
rather narrow limit of tolentnce and was not found in quantity e~cept 
when conditions were within these defined limits. 
The factors controlling the germination of winter annuals were 
studied by Newman (1963). He attempted to identify the factors respons-
ible for the failure of winter annuals to germinate in the summer rather 
than in the autumn. Records of germination under natural conditions were 
collected. By comparison of this data with the germination under con-
trolled temperatures it was shown that the germination of Ai'!;'a was 
normally cont'!;'olled by an interaction of soil moisture, temperatures, 
and the changing temperature retponse of the seed. In TeesdaU.a, because 
of the more rapid change in the temperature response, soil moisture 
I 
played a relatively important role in controlling germination. 
Blake (1935) made a thorough study of the viability and germination 
of seeds of prairie plants. She observed that the peak germination 
period for many prairie species was in the spring. 
Weed Seed Germination in Cultivated Fields 
Brenchley (1918), in studying the weed seed populat:ion of the soil 
at Rothamsted, England found a close association between the flora 
derived from the buried weed seeds and the history of the soil. The weed 
seed population of arable soil was also studied in detail by Brenchley 
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and Warington (1930, 1933, and 1936). Re found weed seed populations up 
to 330 million seeds per acre. Few weed species germinated freely through• 
out the year. Most species showed a definite periodicity, the majority 
of seedlings appearing during the autumn or winter, or both. and relatively 
few in late spring and summer. Chenopodium album showed no periodicity 
and very little natural dormancy, as practically all the viable seeds 
germinated during the first year of the experiment, and very few indivi• 
duals carried over to a later date (Brenchley, 1930). In studies con-
ducted in 1936, Brenchley and Warington concluded that: 
From a practical point of view the most important feature 
of weed reduction by various methods of treatment is the length 
of time that such reduction remains effective. Special methods 
of eradication involve extra expense, and if fallowing is carried 
out, loss of crops as well. If pernicious weeds can be drastically 
reduced by such methods, the expense and trouble involved is 
justified from an economic point of view provided the number of 
such weeds remains at a low level for several succeeding years. 
If, however, the weeds re•establish themselves very rapidly it is 
probable that the increased crop resulting from the temporary 
reduction of competition will not compensate for the extra outlay. 
Unless fallowing operations can be carried out with a great degree 
of thoroughness, reduction of many weeds can be effected almost as well 
and more economically by intensified cultivation while the land is being 
cropped~ Other species, however, which tend to increase in some seasons 
under crop conditions, mey be more effectively dealt with by fallowing, 
if their predominance justifies the expense. This implies the loss of 
the crop as well as the cost of numerous cultivations (Brenchley, 1933). 
Certain species of plants may produce many seeds that remain 
naturally dormant over a relatively long period of time. It is impos• 
sible to forecast the population that may exist in any given year. 
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There may be periods of great abundance of a particular type followed by 
periods of great scarcity or even absence. Later, there may be periods 
when a species may again reappear in greater or less numbers. The factors 
determining this behavior are unknown and render such weeds peculiarly 
difficult to deal with under field conditions (Brenchley and Warington, 
1936). 
Roberta (1962, 1963) studied the effect of cropping and of different 
primary cultivations on weed seed populations, in the soil. He pointed 
out that a period of wet weather i:nay interfere with cultivation and allow 
extensive weed seed germination to occur. 
Martin (1943) noted that the germination of annual weeds ts noticea-
bly periodic. He recorded the date of the field germination of a number 
of weed species at Ames, Iowa for a period of severa 1 years. Martin 
noted that Chenopodiym al!?um was one of weeds germinating early in the 
spring. Ama1i'anthu~ species, and Digitai:ta species germinated in late 
spring or summer (see Table 1). 
The influence of environment on the germination of weed seeds was 
also studied by JU.bbey (1935). Be observed in the spring of 1935 • at 
Saskatoon, Canada~ that A1D1Jranthus retroflegJJS germinated on May 11, 
while Chenoeodium album. germinated on April 20. There was a wide varia-
tion in the time when seedlings of different weed species first emerg,ed 
in any one spring. Bibbey has shown {\maranthus species to be on& of the 
later germinating ae~s in the spring in Central Canada. A number of 
weed species emerged before the earliest sown cereals had emerged. When 
weeds make an early start in cereal crops, weedy fields generally result,. 
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Table 1. Field germination of selected weed seed ov•r a five year period 
Weed type Year 
1934 1935 1936 1941 1942 
Ama.ranthus retrof lgxu.s May 4a April 14 April 12 May 10 April 10 
Chenopodium album April l April 1 March 20 April l 
Digitarb S8UEinalis May l5 May 20 May 15 
a Date of emergence at Ames, Iowa J (Ma rt in• 1943). 
It would appear that the sowing of cereals in soils containing a high 
weed seed population should be delayed until after the weeds have 
germinated and been destroyed by cultivation. The same principle would 
apply to horticultural crops, and any method whereby larger numbers of 
weed seeds could be germinated and destroyed by cultivation prior to 
crop seeding. 
Went (1957) observed a range of distribution of some common weeds 
near the equator based on altitude. He showed a very exact sequence of 
weed species as the flora was indexed by elevation on a mountain range. 
This distribution was presumably based solely on a different range of 
temperature requirement.a. All other environmental factors were either 
closely similar, or were made unifona by irrlgation. Amarantbus spp. 
and Portula¢a oleracea occurred at the lowe.st altitudes from 0-1500 
meters. Chenoegdiwa spp. occurred from 1500•2500 meters. The plants 
identified in the elevation range from O·lSOO meters are all found as 
weeds outside the tropics, although they a re exe lus i ve ly summer weeds, 
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or are found in field• which were ploughed in late spring or summer. 
Apparently, they are subjected to the same climatic conditions for 
germination in the tropics as they are during the summer in temporate 
regions. 
Vengris (1963) sowed pigweed seeds in cultivated fields at regular 
intervals during the growing season. He observed that the mid•May 
plantings emerged in 10 days. Eulergence decreased to 5 days for mid· 
July plantings and then increa&ed again to 10 days for emergence in the 
mid•September planting. 
Application of Laboratory Results to Field Studies 
Justice and Marke (1944), Sherf (1953) and Laraen (1961) have 
attempted to correlate germination data of various cultivated crops under 
laboratory, greenhouse and field conditions. 
L. T. E\ians (1963) alao discussed the extrapolation of germination 
data from controlled environment• to the field. He noted that plants in 
the field grow under conditions whieh are eluinging continuously, in 
microclimatea which are spatially diverse, and in communities in which 
individuals interact with one another. The author stated: 
Natural microclimatee are constant only in thei:t inconstancy. 
• ... "7hen we compowd the temporal changes and spatial diversity 
of natural microclimates with the complexU:y of interactions 
betweim environmental factors and between plants growing together, 
the prediction of performance in the field frem that under con-
trolled conditions may seem an impossible task. Certainly, 
prediction of total field performance is still beyond us ••• 
The paths to success in any one environment may be extremely 
diverse. 
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MicrocU.matic Studies and Phenology as Related 
to Weed Seed Germination 
There have been very few studies on the germination microclimste 
of weed populations. However, with the d4!1veloprnent of new instruments 
and techniques inmicroclimatic apalysts in recent years (Geiger, 1957), 
there are at present a number of comprehensive investigations of plant 
micro-environments in process.. Coupled with the increaaed work on 
microclimate has been a renewed interest in the subject of phenology 
(» i lling"8 , 195 7) • 
The literature of microclimatology is vast; and only a few points , 
which pertain to this study will be included ln the review. Geiger (1957} 
and many other workers have pointed out the great variation that exists 
in mic~oenviromnents arranged both vertically and horizontally in a 
limited area. It ts often misleading to attempt to correlate expert-
menta 1 results with weather data gathered even a short distance away from 
field experiments, unless standard weather data are also gathered at the 
actual site of the work (Billinss, 1957). 
The absod>tion coefficient for liquid water is about 10 tiaiea that 
for water vapor. Plastic film spread on the surface of the ground 
frequently baa a layer of moisture condensed on the lowel: surface.. This 
absorbs the infrared portion of the spectrum readily end creates a 
"greenhouse" effect. According to Shaw (1964), temperatures of 130°F. 
have been measured under such a film. 
Shaw (1955) using copper constantan thermocouples and a Brawn 
recording potentiometer studied diurnal temperature patterns at different 
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soil depthe. This study showed that there was a great difference in soil 
temperature between O and 4 inches in soil depth. 
Richards et al. (1952) noted that to adequately measure, record and 
make use of the soil temperature records in one localized area is a 
major undertaking. Equipment for automatically recording such records 
is expensive, and the s torage and interpretation of the data soon become 
burdensome. These reviewers also noted that one of the disadvantages of 
using thermocouples is that a reference junction must be maintained at 
some known temperature or a compensating type reference junction must be 
used. 
The influence of soil color ou soil temperature a.n.d resulting seed 
germination was studied by Ludwig and Harper (1958). They used coloring 
materials to color their soil samples. The soil tempe:rat1.lre was markedly 
¢hanged by such treatments. It was emphasized that many factors other 
than soil color determine soil temperature, although under field condi .. 
tions in the spring, the speed and success of establishment are signifi .. 
cantly influenc.ed by soil temperature .. 
Phenology is the study or organisms in relation to climate, with 
emphasis on the dates of occurrence of significant events in the U.f e 
cycle of the org.anism. There have been relative.ly few studies on weed 
seedling phenology. Martin (1943) observed the germination of a number 
of weed species et Ames, Iowa for several years. The phenology of 
cultivated crops has been studied more extensively. Shaw (1949) studied 
corn phenology in lows. He noted that the emergence period is important, 
not so much in determining the time of maturity, as in detennining the 
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stand, which bas a decided effect on the yield. Low temperatures were 
often a limiting factor in corn emergenc.e in Iowa. 
The heat unit system has found widespread use in horticulture and 
agronomy for predicting the date of harvest and for the timing of sue-
cesaive plantings (Amold, 1959). Growing degree days, sometimes called 
"heat units .. , "effective heat units*', or "growth units", are an at:ith• 
metic accumulation of daily mean temperatures above a certain threshold 
temperature. These calculations are a simple means of relating growth to 
air temperatures. Dethier and Vittum (1963) point out that: 
It is a useful system but has two main flaws. It over 
simplifies the complex temperature response of plants, and 
it does not take into account the many other environmental 
factors affecting growth. It does, however, serve a practical 
need .... 
Arnold (1959) studied the determination and significance of the base 
temp.erature in a linear heat unit system. Be concluded that base tempera .. 
tures that are too high have frequently been usad. In 1960, Arnold 
proposed new procedures that he believed would improve the accuracy of 
the maximum-minimum heat-unit system for predicting harvest dates. 
Kaewar (1956) applied the heat unit system in a study of crabgrass 
emergence near Minneapolis, Minnesota. Air temperatures recorded by the 
U. S. Weather Bureau in Minnesota were converted to heat units using a 
base of 70°r .. over a three year period. In the spring of each year 
crabgrass emerged when 25 to 30 heat units had accumulated. He stated 
that other workers had results which closely paralleled his data. In 
the laboratory, crabgrass seedlings emerged in less than three days when 
a constant temperature was maintained. Approximately four days were 
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necessary wh~n a teinperature of 72 F. was used. This type of st1,1dy might 
lead one to believe that weed seedling emergence 4ould be predicted on 
the basis of the heat unit systein. 
Lindsey and Newman (1956) S:tated: 
It seemed to the writer that new methods of treating Weather 
Bureau climatological records might 'be diacovered which would 
give the massive, geographically widespread, long-continued, 
and readily accessible deta an increased value for a number of 
purposes in plant: and animal ecology and in agronemy. 
With this in mind the worken attempted a correlation between of ficia 1 
weather data from a nearby s·tation and e thirty•year spring phenology 
record iu Northern Indiana. They found a high degree of correlation 
between early growth and temperature. They devised a new temperature 
8QIDID8tion method, based not on means, hut on daily m.eximum and minimum 
tempera tu.re levels> emphasizing the appro:dmate durations of different 
temperature levels during the diurns l cycle. These duration-sUPID8tion 
va luee and time periods for the flowering of 24 species were analyzed 
for standard deviation and the coefficient of variation so that the 
req\liaite beat sum for flowering was found for each species. These 
ranged from 2,034 degree•hours for an early species to 8,533 degree-hours 
for a late-flowering species. 
The accuracy of duration tempeTature sunmdng and its use for Prunu.s 
strrul.$ta was studied by Lindsey (1963). By combining eight years of 
degree-hour sums, computed from daily temperature extremes, the author 
was able to estimate February-March extremes within l percent, and 
February-April estimates within 3 percent of true sums derived from 
actual reading$. 
Wang (1960), tn a paper entitled "A Crlti<1ue of the Heat Unit 
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Approach to Plant Response" noted that the system had be•n subjected to 
various criticisms, particularly in recent years. He eunll18rized the 
disadvantagee of thie system as follows: (l) plants respcnd differently 
to the same ellvironmental factor during itadc:>us stages of their life 
cycle, (2) the threahold temperatures as they are employed in the heat 
unit computations are considered a con.stant, applied t<:> the entire life 
cycle of the plant, which :ts unsound because the threshold temperature 
changes with the advancing age of the plant, and (3) there is not a 
linear relationship between growth and ave.rage temperature. 
Went (1957) obsened that: 
Beat energy cannot be used by any plant for growth; the energy 
used is a 11 chemic.a 1 energy present in the stored food. Heat can 
only control the rate at which this cheud.ea 1 energy can be made 
available. Therefore, since heat ts not a form of available 
energy for a plant, and only modified. other pi-ocesses • it is 
logically impermissible to talk about ...... or evett calculate·-heat-
sums,. 
Went (1953) concluded that over a limited range of temperatures, 
beat sums may expTeas the growing conditions for plants such as peas 
and wheat, but for plants like t01aato .and potato, where predominantly 
night temperatures control fruit and tuber fo"18tion; heat sums as used 
currently are useless to describe optimal eUmate. 
Competition Among Weed Seedlings 
Weaver and Clements (1938) stated: 
Among most herbs, the greatest danger arises from e:xcessive 
competition, especially in the dense aggregation typical of 
annuals. For example, in one expetiment involving 3 square 
meters and 31,500 seedling Ambroe&a trifida, less than 400 
plants (1.2 percent) reached maturity. The direct effect is 
often due to laek of water although light frequently playe an 
equally important part. 
47 
Blaisdell (1949) in a study of competition between sagebrush and 
reseeded grass observed that suppression of established plants was 
chiefly responsible for yield differences rather than the failure of 
plants to become established. Bleasdale (1960), noted that the presence 
or absence of weeds during the first few weeks of a crop's growth was a 
critical period in determining the ultimate yield obtained. The author 
did not discuss the reasoning behind this statement but one would inter-
pret it to mean that the first few weeks determine the "stand", since 
the seedling stage is the most critical period and one during which 
plants are most easily killed through competition for water or light,. 
Clements, Weaver, and Hanson (1929) proposed that the greatest com,.. 
petition occurred 'between individual planta which were the most genetical-
ly similer. Black (1960) studied the influence of planting density on 
the competition between red clover and lucerne in the early vegetative 
stages. He found that in mixtures, the growth of one species was 
depressed when that species wee preeent at high densities, and the other 
present at low densities. Growth was increased when that species was 
present at low denaities and the other at high densitiee. Black con• 
eluded that this confirms the proposition of Clements, Weaver, and Hanson. 
Concerning interspecific competition, there appears to be some 
question as to whether severe competition results in the death of a 
number of seedlings, or whether relatively few seedlings die and a 
depauperate population results. 
Odum (1963) states that when there are two or more species adapted 
to the same or similar microenvironment, interspecific competition 
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becom.es important. If the competition is severe, one of the species may 
be eliminated completely, or forced into another niche or another geo• 
graphical location. On the other band. the competing species may be able 
to live together at a reduced density by sharing the resources in aome 
sort of equilibrium. Odum does not consider that plants have to belong 
to the same genus 0 to get involved in severe competition". Two species 
of different genera or families sometimes ha·ve a very similar niche rela• 
tion and tbu.s may compete for som.e limited resource .. 
Environmental Preconditioning with Special 
Reference to Weed Seed Dormancy and Genni.nation 
Many workers have noted marked variation in the germinetion and 
dormancy of seeds of the same variety collected in different localitiee 
during one growing season, or in the same locality in different years. 
LaCroi~ (1961), Haasis and Thrupp (1931), Bibbey (1948), Crocker and 
Barton (1957), Delouche (1958), En11eev and Solov'ev (1960), Dexter 
(1955), Barton (1962), Harrington (1923). Some of these workers as well 
as others, including Barton (1962) and Willia~ (1962) have noticed 
visible morphological differences in the seeds of a given variety of 
plant growing in different environments, or in comparing seeds maturing 
in long indeterminate inf lores¢ences. 
The question of the existence and importance of environmenta 1 pre-
conditioning or physiologica.l predetermination has been discus-sed by 
Amen (1963), Rowe· (1964), Durrant (1962), Uighkin (1958) • Went (1959), 
Evans (1963), Kidd and West (1918, 1919), Koller (1962), Vegis (1963), 
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and Langridge (1963). 
Actual experimental work on the Jubject of environmental preeondi• 
tioning of seeds and especially weed seeds is very limited. Patel (1963) 
studied the effect of fertilization and soil moisture supplied to plants 
of Bromus inermis during the growtng season on the germination of the 
resulting seeds. In every test, the rate and total germination of the 
seeds produced by the plants fertilized with nitrogen, were low.er than 
those of the control treatments. The results of supplements 1 watering 
indicated that the effect may be cue to a greater deficiency 1n water 
during seed development on nitrogen fertilized plots than unfertiU.zed 
plots. 
Morley (1958) studied the inheritance and ecological significance of 
seed dormancy in subterranean elovex-. He reported that dormancy in this 
seed is influenced by the environment of the maternal parent. The author 
also concluded that the types of dormancies of various varieties collec:ted 
from diverse geographical areas were ecologically adapted to the prevail• 
ing environment of the original habitat. 
Lacroix (1961) showed that photoperiod was not important in the 
development of dormancy in Setaria lutescens. However, the author did 
not investigate other factors of the environment, such as soil uw:lsture 
and soil fertility. Chippendale (1949) concluded that the reaction of a 
grass to environmental factors during germination depends both upon the 
strain of the species and upon the conditions under which the seed waa 
grown and ripened. Durrant (1962) stated that: 
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• • • heritable changes have been induced in a flax variety 
by growing the parent plants in different combinations of 
fertilizer treatments. A plastic type if def1ned which is 
changed into a larger fom, depending on the fertiU.zar applied. 
Both the large and the small forms are stable and have remained 
unohanged for generations under the conditions of the•e exp•ri ... 
ments • • • 
Steams (1960), Langridge (1963), Went (1959) and others have also 
studied the possibility of environmental preconditioning. 
Highkin (1958) in a discussion of the genetic basis of climatic 
response stated that the "start" program for each generation may wry 
with the nature of previous environmental expe-riences. The gametes 
forming the genetic bridge between one generation and the next ere not 
transferred in the absence of cytoplasm, and the nature of the cytoplasm 
is certainly aff.ected by the environment in d'tich it is growing. In 
other words, effects of the environment of previous generations may be 
expressed in the current generation, not l'lecessarily through the 
environmentally induced changes in the genes themselves, but rather 
through changes in the pattern of the "start" program for growth and 
differentiation. Snyder and David (1957) have discussed advances in the 
understanding of cytoplasmic inheritance in recent years. 
Vegis (1964) in his discussion of climatic control of germination, 
bud break, and dormancy stateei "as yet our minds are conditioned to 
regard Mgenettc• and 'environmental' pathways as distinct and, in a 
mechanistic sense, uJtrelated." 
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Frost as a Factor in Weed Establishment 
Very few r ,eferencei,i exist on the effects of frost on germinating 
weed seedlings. Williams (1963) noted that Chenopodium album seedlings 
germinating in the autumn are killed. and late frost was observed to 
effect establishment. Roger (1963) stated that: there is little informa-
tion on frost damage to deciduous trees growing in a natural habitat. 
Korstain (1921) observed that practically all herbaceous v.egetation wai; 
killed in a late spring frost. He observed that there is a dearth of 
published infot'ID8tion relative to frost injury to most species of forest 
vegetation. 
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STUJ)IES OF THE GERMINATION OF WEJ!D SEEDS 
UNDER IABORATOJlY CONDITIONS 
Pd.or to studying weed seed gennination in the field• prelim.inery 
studies were carried out under controlled laboratory conditions. The 
purpose of these investigations was to detennine if laboratory and field 
data on weed seed germillBtion could be correlated. Three experiments 
were designed, i.e., (l) to detennine the percent gennination of the seeds 
sown on sterilized soil in the field, (2) to observe the effect of alter-
nating and continuous temperatures on weed seed germination under labora-
tory conditions, and (3) to attempt application of the cumulative heat 
unit system aa a method fer predicting weed seed germination under con-
tiauoua and alterMt1ng temperatures. 
Seeds of Am~u;anthue retroflex.us L. end Portulaca oleracea L. were 
collected in October; from plants growing on th• Horticulture Farm, at 
) 
Iowa State University. Seeds of Chenopodi~ album L. and Plantago rugelii '-
Decne. were also collected near the same location. Two year old seed of 
Digitaria aangqinalis (L.) Scop. were obtained from Dr. Elliot Roberts. 
After this, the plants will be referred to by the genus name alone; when 
only one species (occurred) baa been listed. 
Germination Under Constant Temperatures 
From the data presented in Table• 2 and 3 it is obvious that seeds 
of Portulaca olerace.a will germinate over a relatively wide range of 
temperatures. Germination of this eeed type shows a linear relationship 
0 
with increasing temperature up to 75 F., with a high of 95 percent at 
' I 
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95°F. Compared to the other plants tested, seeds of Portulaea gave the 
highest percent germination in the range from 59° to 95°F. The gemina-
tion of Amat'anthus was quite similar to that of Pot'tulac.a over the range 
of temperatures utilized; although there was a 20 percent lower germina• 
tion. With the exception of the 75°F. temperature, Amannthus shows a 
linear respoQSe to temperature. Thie inconsistency could have resulted 
from the malfunction of the thermostat in the 75°F. incubator. 
Of the plants tested, seeds of Chenopodium had the widest range of 
: I 
temperatures over which gelilllination would take place. The highest 
germination (48 percent) occurred at 75°F. Several workers (Williams, 
1963 and Kolk, 1962) have pointed out that dormancy problems in this 
1pecies contribute to the difficulty in performing consistent germinating 
teats. 
Plantsso had the narrowest and most specific germination requirements 
of the five species tested. Seede of this plant are extremely light 
sensitive and also are known to have a dormancy requirement, which must 
be satisfied prior to seed germination. The germination of Digitad! 
was poor (38 percent), a response attributed to the age of the seed. 
The seeds that wet:e viable germinated over a wide range of temperature 
couibinations, as would be expected of two year old seeds. 
As ahown in Figure 2, there appears to be a linear relationship 
between germination and the number of beat unite accumulated under con-
0 0 tinuous temperatures varying between 50 and 75 F. for Portulaca and 
0 0 0 gienopodium, between 59 and 95 F. for Amaranthus, and between 75 and 
0 86 F. for Plantago. The results of these preli~inary studies would 
). 
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Table 2. The effect of constant temperatures on the germination of 
selected weed seeds 
a Percent seed germination 
Light Dark 
59° 68° 750 86° 95° 50 80 6 
A'@!! "t"antb~ retl:'of lexus 0 20 45.5 47 79 2 :n.s 
Portulaca oleracea 33.5 51.S 87.5 85.5 95 .5 45 
D1aitaria 1ansuina 1is 0 20.s 39 38 39 0 36.5 
P l101ta go ruge lii 0 0 11 54 .. 5 0 0 .. s 
Cheno2odium album 26 26.5 48 16 8 7 7.5 
a Planted March 13, 1964; percentage gemination recorded March 20, 
1964• 200 seeds per treatment. 
' 
indicate that heat units could be used with some degree of accuraey to 
predict germination under conditions of continuous temperatures. This 
was not true for the germination responses to alternating temperatures. 
Genni.nation Under Alternating Temperatures 
Figures .3 and 4 compare the percent germination, of the weed types 
studied, under continuous and alternating temperatures plotted against 
cumulative heat units. In Figure 3, the same general germination patterns 
prevailed under a minimum range of alteniat1ng temperatures. The only 
exaept:ion were seeds of ChenopodiumJ which reacted differently under the 
0 0 59 to 86 F. temperature regime. Figures 3 and 4 show that there was 
little difference in the germination of Amar,anshua and Portulaca under 
slightly varying alternating temperatures or continuo•s, uniform 
/ / 
Table 3,. a Ef feet: of 1 week of alternating temperatures on the germination of selected weed see.ds 
collected during the Fall of 1963 
59-86°F. 68-86°F 
Starting date 1/13-20/64 3/13-24/64 l/13-20/64 3/13/24/64 
Amarantbus retroflex.us 2s.s" 39.5b 30b 52.5° 
Portulaca oleracea 83.S 89.S 58 88.5 
Digitaria sawina lts 41.5 41 35 41 
P lantagg ruge lU. 30.5 56.5 3.5 5 
Cbenopodium album 25.5 31 
a 200 seeds per treatment. 
b Alternation = 15 hrs. low temperature, 9 hrs .. high temperature. 
cAlternation = 15 hrs. high temp.erature, 9 hrs. low temperature. 
57-75°F. 
3/ll-24 
b 30.~ 
64.5 
41 
7.5 
36 
3/13-20/64 
90 
56 
Figure 2. Gemination of five weed species under six continuous temperatures (each count represents 
an average of 200 seeds) 
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temperatures., However, the linear relationship between heat units and 
germination was completely loat where temperatures alternated over a 
0 0 
wider range, i.e., 50 to 95 F. At the time of germination temperatures 
0 1n the field (first 1 in~ of soil) would normally va~y between ll and 
80°F. Thus. in the laboratory, as well as in the field it is alm<>st 
impossible to predict germination under conditions of widely fluct\Ulti.ng 
temperatures, if cumulative heat Qftits are to be used. 
It is also obvious from Figures 3 and 4 that A.wuranthut and Portulaca 
do not react in the same way to a similar alternating temperature regime. 
This 111117 complicate interpretation, since we will attempt to expain field 
germination under nature lly a ltemat1ng temperatu.rea. 
Figure 4, compall'es. germination of Ameraptht.fs and Portulaca under 
continuous and alternating temperatures plotted against degree hours. 
From this data it is evident that there are several diverse temperature 
regimes which will t>esult in either very high, or in very low germinat.ion. 
Thia data agrees with that obtained by Harrington (1923) with blue-grass 
and other species. Year to year variations in the prevailing temperature 
alternations are no doubt an important influence in the field germination 
of seeds. 
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Figure 3. Germi_nation of five weed species under various alternating tempera.tu'?'es (each count 
represents an average of 200 seeds) 
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Figu"re 4. Compartaon of th-e germination of selected weed species under continuous and alt•rnating 
tanpera:tures plotted against degree houn per day 
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STUDIES OF THE GERMINATION OF WEED 
SBFJ>S UNDER GRUNHOUSE CONDITIONS 
Greenhouse Studies on Dormancy 
Before attempting to germinate weed seeds in the field, early tu 
the spring, it was desirable to determine the gcermination chsracteris-
tics of the seeds being used in the.se experiments, i.e., seeds which 
matured during the fa 11 of 1963 at Aiu.es 1 Iowa • It was also neceaaa ry to 
ascertain if the seeds under study possessed an after-ripening require• 
ment, and if so when it was aatbfied under normal field cend:ltiona 
(winter 1963 .. 1964). If the dormancy was not broken until late spring, 
there would be little practical use in attempting to germinate seeds 
prematurely .. 
On Novanber 10, 196.3 a saiu.ple c:1f soil was taken from the top 2 inches 
of the horticultu~e v•setable garden which was known to contain a large 
nuiot>er of weed seeds. The soil wa& thoroughly mi1ted and placed in three 
16 x 20 inch flats. These flats were used to study the seedling poputa-
tion density and to detemine statt.atical techniques for field sampling. 
Smaller, 5 x 16 inch flats were used to study the dormancy characterta-
tics of weed types under investigation. On November 23, 1963, three 
large. and one of the small flats were placed in a greenhouse having a 
0 0 
night and day temperature of approximately 60 and 7~ F., respectively. 
Th• remaining 15 euiall flats were placed outdoors in an exposed location. 
At approximately two week intervals during the months of Noveul>er, 
Decelllber, January and Pe'bruary, one flat was bX"ought into the greenhouse. 
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The germination sequence vas followed by the use of colored toothpicks, 
each representing a different days count.. The germination for the 
different flats is presented in Table 4. 
As is normally encountered in greenhouse& there was considerable 
daytime temperature fluctuation.. The greenhouse temperature apparently 
had a mueh greater effect on germination than did the cold t .emperature 
stratification. This is illustrated by the fact that for every month 
there was a very large increase in germinati~n when the flats vere trans-
£erred to varmer greenhouses.. However. there was a t"J:end toward in-
creased germination as the length of the O\\tdoor exposure increased.. No 
doubt the cold, moist, conditions which prevailed outdoors satisfied the 
dormaney requirement fol.' some seeds. However, even \lnder warm, dry 
storage c011ditiona there was an average 16 percent increase in germination, 
for each species over a three month period. This may be seen by comparing 
the laboratory gertaination percentages for January 13 to those of March 13 
(Table 3), for Amara.athS§ and J.>o;tulaca, the two most prevalent weed 
species in the field. 
In all test flats it was observed that most seeds germinated within 
the first week of greellhouse exposure and that very few ge:rminat·ed 
subaequ•ntly, unless ther;e was a period of warm,. sunny days. By February 
5, 1964 germination had virtually ceased in all flats in the 70°F. green• 
house. 
In order to investigate the ef feet of a higher temperature on 
gemination, the test flats wel'e moved to a greenh.ouse having a day 
0 temperature between 80 aud 110 1. and a night temperature of spproxiutely 
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Table 4. Germination of weed seeds in flats containing field soil 
brought into the greenhouse at approximately 2 week intervals 
during the winter 
a Flats brought in Gerntination Germiuation 
first week second week 
November 23 31 32 
December 8 6 24 
January 6 66 67 
January 2 O 13 30 
February 5 45 90 
a Flat dimensions: 5 x 16 inches. 
10°1. Within three days each of the flats contained .3 to 4 times the 
number of seedlings, that had previously germinated in thx-ee months.. No 
attempt was made to count the actual number of seedlings which developed 
in each of the flats. The species in this 0 tecondary" flush of getmina-
tion at the relatively high temperatures were primarily Amaranthus and 
Portulaca, and a sma 11 number of pig1taria. Very few of the cool season 
weeds observed in these flats earlier were visible in the warm temperature, 
greenhouse test. 
It was concluded from this data that at a given temperature, a 
certain number of seeds of a given epeciee germinate, with little or no 
subsequent germination. From the high prm:b1ation percentages obtained 
in both the laborat.ory and the greenhouse in the late winter, it can be 
further concluded for the weed species studied that dormancy should not 
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be a limiting factor to the early spring germination of weed seeds under 
field condition8. 
From the seedling densities obtained with the large flats, a sample 
size of 8 by 3 inches was selected for statistical analysis. The various 
species used in this study were observed a.nd identified in the seedling 
stage. Typical Pprtula£!, Amai:anthus and Digitaria seedlings are shown 
in Figure s. 
Weed Seedling Germination Under Four Greenhouse Environments 
It was assumed that the preliminary stud.i.es would not provide suf-
ficient data to explain the results obtained under field conditions. In 
order to more closely simulate field conditions, flats of field soil were 
brought into a greenhouse and seedling development observed under various 
greenhouse temperature ranges. Although this study was similar to the 
one concetned with dormancy, it was designed to identify the particular 
species and the percentage gennination at various greenhouse temperatu>:es. 
In addition, it was desirable to determine the specific temperature 
combination that would result in highest tota 1 germination. This latter 
ef feet ~as obvious from the laboratory data in which max:Unum germination 
0 
of Portulag and Amarenthtls was obtained at a temperature of 95 F. Since 
these two types were predominant, the maximum total germination numbers 
are made up primarily of these two species. With this informa.tion it 
would then be possible to design field treatments which would produce 
weed communities where the dominant species and the relative number of 
seedlings per species could be predicted. Other treatments could then be 
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Figure 5. Seedlings of Portulaca oleracea, Amaranthus retroflexus 
and Digita'l:ia sanguina 118 
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established to produce maximum total germination of seedlings. 
On February S, and on February 10, 1964, six 5 by 16 inch flats were 
brought into the greenhouse from outdoors. These flats of soil had been 
exposed to the existing environment at Ames, lows since November 23, 1963. 
Two flats were placed in a ss°F. greenhouse, two in a 65°F. greenhouse, 
0 
and a third pair of flats were placed in a 90 F. plastic greenhouse. On 
February 14, 1964, the temperature in the plastic greenhouse was accident-
ly raised to l00°F. The plastic greenhouse was especially subject to 
mid•day solar radiation heating, since there was no ventilation system. 
Figure 6 shows a sample of the daily temperature changes in the three 
greenhouses. The results of the germination under the different greenhouse 
temperatures is presented in Table 5. 
Table 5. Weed seedling germination under four greenhouse environments 
(seedling count§ made two weeks aft,er forcing) 
Weed type 55°F.8 65oP'.a 90°r. b l00°F.b 
Amaranthus .5 37 122 294 
Portulaca 0 6.5 139 455 
Grasses 0 2 17 54 
Chenopodium 13.5 13.5 10 l 
Others 18 18.5 13 15 
8 Average of two flats. 
b One flat. 
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Figure 6. Comparison of the range of three greenhouse temperatures over a feur day period 
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The results of these experiments are presented in Figure 7, which 
plots the tot.a 1 number of germinating seedlings for all species against 
four different tempet'ature regimes. The bar graph shows the importance 
of high temperatures, at constant moisture levels, as related to maximum 
total germination. It was observed that this soil contained only a 
relatively few seeds of Chenopodium album, Veroni.ea eeregdna and Taraxa-
cum officinale, in contrast td a population of about 1500 seeds of 
Portulaca oleracea and A~rantbus retroflexus per square foot of soil 
surface. 0 Total weed seed germination was 32 times as high in the 90 F. 
0 greenhouse as in the 55 F. greenhouse. Figure 8 compares total germina-
o 0 tion of the 50 F. greenhouse with that obtained in the 90 F. greenhouse. 
Colored toothpicks were again used to identify the seedlings which 
germinated at ss0 and 65°P. In the 90°F. house, where 301 seedlings 
germinated in the first 11 days, it was impossible to record the germina-
tion sequence by this method. ?he germination sequence was followed by 
cutting off each seedling at the ground level with a pair of sharpened 
tweezers. This procedure may have increased the total germination over 
what would have occurred if all seedltngs were left standing. Bibbey 
(1946) points out that there is either a build up of carbon dioxide or a 
reduction of oxygen in soil where seedlings are growing. Most weed seeds 
are rather sensitive to relatively minor ehanges in the proportions of 
these two gases, which would affect total germination. However, since 
this procedure was followed in the field, the net effect ,.,as assumed to 
be similar for all treatments. 
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Figure 7 also shows the number of seeds of each of the four 
species germinating at four experiments l temperatur.e regimes. Uie data 
shows that these four species fall into two main groups, i.e., the early 
spring germinating types, and the late spring ol' arly summer germinating 
types. Juhren .f!1 !!. (1956) considered Portula.ca as a 1U11.1P1er germin.ator 
in the California deserts. Dig&tarta did not germinate in appreciable 
numbers until the soil reached a temperature of 75°F. These results are 
in agnement with those of Kaewar (1956) who studied the cumulative effect 
of heat units on the gex:mination of Digita'da. However, these greenhouse 
temperat~res did not embrace wide fluctuations in day-night temperature., 
which may have induced higher germination, while accumulating relatively 
few heat units. Results in the laboratory studies with D1gitaria are 
inconclusive; since the seeds were two yeara old. 
The results of the greenhouse studies with Chen.oeodium agree with the 
laboratory reaults presented in Figures 2 and 3. Williama (1962) noted 
that Chenopodium. produced a high proportion of innately dormant seed. 
Be found that exposure to cold increased germination. Very few of the 
Chellopodium •eeds collected with the soil in the fall germinated when 
placed in the 55°F. greenhouse. 
One of the primary objectives of this experiment was to more pre-
ctsely simulate field conditions than was possible in the laboratory. The 
re&ults obtained in both the laboratory and greenhouse experiments were 
similar with the exception of the germination percentages of Portulaca 
0 0 
and Amaranthus at temperatures of 55 and 65 F. There is no obvious 
explanation for the higher laboratory germination percentage of Portulaca 
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compared with those of Amaranth!!! at every temperature, both alternating 
and continuous. 0 0 However in the 55 and 65 P. greenhouse, AIQBraB,tbua had 
higher germination percentages in a 11 flats bro1,1ght into this hoU&e during 
the Fall of 1963 and Winter of 1964 (see Tables 2 and 5L In one flat 
tested, during the period of January 20 to 25, there was no germination 
of Pgrtulaca. All flats shifted to the 95°F. greenhouse produced a high 
seedling population of Portulaca. There appears to be no simple explana• 
ti.on for the opposit• results obtained for the two species at the ss0 
0 
and 65 P'. greenhouse and laboratory temperatures .. 
One might make severa 1 hypotheses concerning this phenomenon. These 
hypotheses are discussed under the following four paragraphs. 
(1) As !M>inted out by lU.bbey (1948) and earlier workers, slight 
differences in carbon dioxide concentrations can greatly effect weed 
seed germination. No doubt there were differences between the soil 
atmosphere in the greenhouse and that in the petri dishes of the labora-
tory. The interaction between the weed species and the atrnoephere may 
account for the dif ferencee between the laboratory and greenhouse observa• 
tions. 
(2) Several workera have pointed out that alternate moistening and 
drying of the soil surface can effect subsequent seed germination. There 
were uo doubt differ-ences in moisture relations 'between the laboratory 
and greenhouse environments. 
(3) Warington (1936) and other workers have pointed out the 
" .
importance of alternations or fluctuations in soil temperature on germina• 
tion. No doubt there are differences concerning this factor of the en .. 
\rirot1lllent between the greenhouse and the laboratory. 
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Figure 7. Germination of selected weed species under four greenhouse 
environments 
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Figure 8. Comparison of weed seedling populations germinated in a 
900F. greenhouse (top) and in a ss°F. greenhouse (bottom) 
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(4) The 'Weed seeds used in the laboratory were stored under dry 
conditions dudng the winter. The greenhouse weed seeds went through 
the winter under cold, moist conditions. 
In summary, while the two environments were similar in many respects, 
they differed greatly in regard to their microenvironment. Thus, any 
one, or a combination of the above four factors, interacting with two 
different species CAn!@ranShJ.is and Portulaca) may have resulted in the 
changed physiological phenotype, i.e., optimum germination temperatuX'e. 
The results of this experiment indicate the range of temperatures 
over which maximum germination can be expected for the various weed 
species $tudied. Prom this data it was possible to select an optimum 
field temperature that should result in a given type of weed co1lllllunity. 
By providing relatively high soil temperatures in the field, early in 
the spring it was possible to induce a conmunity dominated by Amaranth.us 
and Portulaca. By artificially providing temperatures in the range of 
65~70°F. it should be possible to induce a community dominated by 
AmaJ;anthus and having about equal numbers of cool season weeds andwery 
few seedlings of Portulaca. 
All weed seedlings, except Veronica peresrina, in all the flats were 
killed when the flats were set outside on March 16, 1964. 
Summary of the Germination Response of Weed 
Seeds in Four Greenhouse Environments 
Envi?;onment l 
0 0 Under conditions of cold nights (45 F.) and cool days (55 F.), 
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seedling populations averaging less than one-half ••edling per square 
inch were recorded. Although the dominant species wa.s Chenopod.1um a lbwn 
seedlings of Ve:rgnica esregriR! and Ta raeOU11l off icJ;na le were also 
observed. 
0 0 Under conditions of cool nights (55 F.) and warm days (70 F.) total 
germination averaged from one to one and one half seedlings per square 
inch of soil surface. The dominant species was AmaranthP retrof lexu5 • 
followed by CheaoJ?!diJ!U! album and a few seedlings of Vj!19nica peregrina, 
Tarapcve offtc;nate, Portulaca olel:'a_cea and Digitarta @!ffiUi!Sl!s. 
Bnvir<Hl1•ent 1 
Under conditions of 70°F. nights, and 90°r. days, seedling densities 
ranging from thr&e to five seedlings per square inch weie observed. 
Ama:pnfhU! rettoflea and 'fortulaea °'ltrapea were present in approximate· 
ly equal numbet's. G~aeeses were next in frequency with ChtnoPPdi!!D) album 
and other species amounting to less than 7 percent of -the total weed 
seedling population. 
Bnvif Olp@Jlt ,! 
Under conditions of 14'1. nights, and l20°F. days, the total germina-
t1on increaeed to an average of ten and one half seedlings per square 
inch of soil surface. P9rtulsce oleraeta was the predouiinant species, 
with Amarantbua retroflees second and the grasses, primarily pigitari;a 
§~tqwiu lia third. Other species accounted for leu than two percent of 
t 
the total germination. The number of other species germinating was 
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reduced from that of cooler environments, indicating that the high 
temperatures inhibi.ted germination of the cool season species. This 
was also observed in the laboratory. 
Ideal germination conditions combining both temperature and moisture 
seldom occur in aature. When such conditions do occur they can only 
result in a depauperate weed population, or in the natural thinning of 
the seedling population. 
From the res\Jlts of these germinati.on studies, conducted over a 
wide range of greenhouse temperatures , it was possible to establish the 
relative number of seeds of each species in the soil sample under study. 
Porgulasa o!eragea "Waa the most prevalent species, producing twice as 
many seedlings as A9;ranthU§ r,etroflt3§!!!• G:raases, which were pre .. 
dominantly pigitada sanauinalis were third in seedling density. Che; ... 
opgdium alb9 was the fourth most prevalent weed present, based on seed• 
ling counts. Although many seeds remain donnant f .o:r a number of years• 
the area from which the soil sample was collected had the same general 
weed population for malty years. There was sufficient time for seed of 
Chngpodium album from previous years to have broken doniancy. Veronica 
pere.gl"ina and Tar9xas;t,an officinal9 made up less than two and one half 
percent of the total seedling population. 
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STUDIES OF THE GERMINATION or WEED SEEDS 
UNDEB. FIELD CONDITIONS 
Methods and Materials 
Miniature, lean-to greenhouses, constructed of polyethylene plastic 
formed over concrete wire re:lnfor.cing mesh, and heated by soil heating 
cables were used to manipulate temperatures in the field environments. 
Selection of these materials was mediated by economics and ease of con-
st ruction. 
The number of germinating or emerging seedlings of ~ach weed type 
was recorded at weekly intervals. Temperature records were obtained by 
use of a Brown Electronic Potentiometer. Four thermocouples were placed 
in each unit, two at approximately one ha 1f inch below the soil surface 
and two, l inch above the soil surface. Accumulated beat units were 
0 
calculated from these soil temperature measurements using 40 F. as the 
base point. 
Soil moisture was considered to be uniform between plastic covered 
units, since all were erected over plots at the same time and the poly• 
ethylene prevented loss through evaporation. The relative humidity with-
in these enclosures approached 100 percent during the period of germina-
tion. 
Field desis 
Based on the results obtained from the preliminary greenhouse expert .. 
ments, six temperature treatments were selected for further study in the 
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field. These temperatures were selected primarily because they had 
resulted in the production of a large weed seedling population and pro-
vid d for a definite separation of species on the basis of germination 
requirements. In addition, the range of temperatures offered an oppor-
tunity to compare greenhouse germination results with those observed 
under field conditions. The treatments selected are presented in the 
following table. 
Table 6. Treatments used in the field study 
Unit temperatures (°F.) 
Treatment Night Day 
1 
2 
3 
4 
5 
6 
a Soil allowed to freeze occasionally. 
85°F. 
70°F. 
70°F. 
55°F. 
Plastic alone 
95°1. 
80°F. 
80oF. a 
1o°v. 
Check, open ground 
The field design consisted of seven completely randomized treatments, 
replicated twice. Each experimenta 1 unit bad two sub-plots, one contain-
ing field soil and one containing a known weed seed population. Seedling 
counts were taken at random, using three, 3 b6 8 inch sample plots. 
The original treatments were based on the assumptions that, (1) the 
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temperature maintained by each beating assembly would be uniform Within 
a treatment, (2) that the solar heating would not materially change the 
relative temperature. bettrreen treatments, and (3) that the heating cables 
would maintain the night temperatl.lre reasonably close to the selected 
temperatures. It was aasumed that the plioposed temperature treatments 
would be approximate. 
Site 
-
A plot of sod 43 feet by 47 feet located adjacent to the Iowa State 
University Turf Research Laboratory was assigned for use in this study. 
Five strips of sod, each 7 feet wide were resnoved from the plot. Strips 
of sod 3 feet wide were allowed to remain between the plot areas to serve 
as walks. 
Twelve, 4 by 5 foot rectangles were staked out in the rows from 
which the sod had been removed. Each of these rectangles were 4 feet 
apart on the east and wett sides, and 5 feet apart on the north and south 
sides. A six inch buffer zone was maintained on ell eidu of the central-
ly located plot areas. Within each of the 4 by S foot rectangular plots• 
smaller 3 by 4 foot sections were staked out. This 3 by 4 foot area was 
then excavated to a depth varying from 54 5 to 6.5 inches. A di.agram of 
this arrangement ia shown in Figure 9. 
Each of the twelve excavations was filled with approximately one 
inch of sand to provide insulation for the heating cables. Cables were 
then carefully arranged on top of the sand in specified plots. The 
method of placement of the cables is shown in Figure 9 (top left). Two 
inches of soil, which was originally removed from the hole,. wae placed 
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Pigure t. Diagram t>f aQ indiVidual plot layout 
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Figure 10. Construction of experimental unite 
a. Top left, placement of lead heating cables 
b. Top right, placement of plastic coated beating cables 
and protective wire 
c. Bottom left, errangepient of styrofoam dividers 
d. Bottom right, wire frame with plastic covering 
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over the heating cables. A 3 by 4 foot piece of l/2 inch, galvanized 
screen netting was then placed over the soil layer to protect the cable 
and to more evenly distribute heat. 
Two types of heating assemblies were utilized in the experiment, 
namely, four "Gro-Quick", J 49 T, 160 watt, 115 volt, 49 foot heating 
cables and 4, General Electric, HS 40 Vinyl•Jacket heating units. The 
former assemblies were set in the factory to maintain a temperature of 
70°F. The General Electric .cables had adjustable thermostats, two of 
which were s•t to maintain a temperature of 55°F. and two at 85°F. The 
cables were placed in each of 8, randQmly selected plots. 
Strips of .25 by 3 inch styrofoam boards were then fastened together 
to form, 1 by 3 foot compartments. One of the styrofoam forms was placed 
in each of the 12 excavations and soil was packed around the forms in 
order to hold them in place. The north side of each form was then filled 
with non-.sterilized soil (Figure 10). 
The field soil used to fill these test plots was collected from an 
area known to h"8ve bad a high population of weeds for a numb~r of years. 
The three dominant species growing in this area at the time the soil was 
collected were qhepo29dium album, Acuaranthus retl'oflexua and Portylaca 
oleracea. The soil was collected by scraping off a l to 2 inch layer of 
topsoil from. the area. 
Approximately 10 cubic f eet of soil, from the plots was transported 
to the horticulture greenhouse and steam sterilized. Flats containing 
samples of the sterilized soil were placed in the greenhouse for a period 
of three weeks. No weed seed germination was obs•rved. Three quarters 
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of a cubic foot of sterilized soil was placed on the south side of each 
of the styrofoam forms. 
Fourteen lots, consisting of 100 and 200 seeds of five weed species 
were counted as shown in the following Table 7. 
Table 7. Types and quantities of weed seeds sown in field plots 
A.ma~anthus retrof lexus 
Digitaria 8!nguinelis 
Plantago rugelii 
Polxaopum pensylvanicum 
Portulaca oleragea 
T~tal 
200 
200 
100 
100 
!QQ 
800 
These seeds were then mixed with 50 cc. of fine sand and added to 
two quarts of sterile soil. This mixture was then sown in 1 by 3 foot 
plots of sterilized soil, which was then irrigated with 8 gallons of 
water. Five additional gallons of water were applied to e.ach plot on 
April 7, 1964 at the time the heating cables were activated. 
Constf!!Ction .2! plastic houses 
Four by five foot strips of l by 2 inch galvanized wire were used 
for supporting frames. The wire formed 2 sides of a right triangle, 
with a leg l foot long and a hypotenuse of 4 feet (Figure 10, bott0111, 
right). The wire frame was then placed over the plots so that the 
inclined face was orientated to the south. The ends were pegged down 
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with "V" shaped pieces of wire. 
Seven by eight foot pieces of 4 mil polyethylene plastic were placed 
over the wire frames. Sand was distributed around the edge of the plastic 
to hold it in place. 
Four thermocouples made from copper constantan wire were placed in 
each enclosure, except unit numbex 5, which had three. Two thermocouples 
were placed at a depth varying from .5 to l inch, and two at a height of 
1 inch above the soil in the center of the test plots. The placement of 
the thermocouples in regard to depth was not precise, thus resulting in 
a variation in soil temperature readings. 
It was originally planned to place the Brown Electronic Potentiometer 
in the field on March 15, 1964 and to turn on the heating cables during 
the first mild weather. However, because of the failure of a timer 
switch and battery, the recordeT was not operational until April 8, 1964. 
It was originally planned to have the 16th point in the third circuit of 
a given cycle Hcord 0 degrees, but due to an error in the wiring of the 
48 point stepping switch system, this point measured the temperature of 
the machine. An over--a 11 view of the experiments 1 set -up is shown in 
Figure 11. 
The plastic structures held up well through the winter except on 
three occasions. In early January, a rabbit chewed two holes. each 
about 6 inches in diameter in the east and west end of houae 11. Several 
attempts were made to patch these holes throughout the winter. Houses 
8 and 10 were punctured with dirt clods resulting in several small holes 
in these houses. After eeveral attempts, these houses were successfully 
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Figure 11. Over-all view of experimental layout showing six experi-
mental environments and potentiometer bouae (houses are 
sloped to the south) 
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patched. The high wind which prevailed on April 9, 1964 blew both patches 
out of plot ll. By the time this was discovered the germination pattern 
in these houses had been greatly altered. This enclosure was not repaired 
and the enviromuent was used as another treatment. 
On March 11, 1964, six inches of snow fell, which was followed by a 
thaw. The south exposure of each enclosure was bent to the ground which 
necessitated reshaping of the wire frames. 
Results 
Temeerature measurements 
The beating cables had only a limited effect on the air and soil 
temperatures recorded during the night in the polyethylene enclosures 
(Table 8). The inefficiency of these electric cables in the field llJBy 
be in psrt attributed to the fact that they were designed for u.se in 
insulated coldframes. Another reason for the wide temperature variations 
may have been due to the orientation of the inclined surface which 
resulted in more variation within the unit than if the surface had a 
plano-convex shape. A more accurate measure of the average temperature 
of the sample quadrats within each of the polyethylene enclosures might 
have been obtained had several tbermoc~uples been soldered together in 
series. This was not done, since there were origins lly enough thermo-
couples to provide four temperature readings per unit., 
Day temperatures were greatly influenced by slight variations in 
size, and shape of the wire frame over each unit. These differences in 
dimensions influenced the amount of solar radiation intercepted by each 
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house. Much of the bending and distortion of the wire frames occurred 
during an early spring snow storm following a thaw. Bad the houses been 
built in a plano-convex shape the increased structural strength may have 
withstood the weight of the snow and ice. Another factor which influ-
enced heat acc\Pulation during the day was caused by shadows cast by 
distant trees in the early morning and late afternoon on the plot area. 
Total beat units, average temperature, average day-night tempera-
ture extremes, total seedling germination and species germination observed 
during the sa~ple periods of April 8 through 22, 1964 are presented in 
Table 8. Average extreme day night temperatures are given only for April 
8•9, since these temperatures represent an average of the temperature 
preceding and following the extremes, i.e., an a'7erage of three tempera-
ture recordings. Beat units or degree hours were calculated using a base 
0 temperature of 40 F. Sampling of beat units accumulated during the first 
week of germination, April 8 through 15 are shown in Table 9. 
Figure 12 showe air temperatures for a 24 hour period, 1 inch above 
the soil in experimental environments 2, 5, 6, and 7. Graphs of the 
majority of the other plots fell between the results obtained in environ· 
ments 2 and 5, or the high temperature plastic hQUses and the open check 
plots. Temperature differences between all plots were most obvious very 
early in the morning and in the early afternoon. 
Genni.nation results 
Seedling counts were made in the field cm. April 8, 15, 22, and May 
8, 1964. The last count was made on the check plots only. These counts 
were taken from three completely randomized 3 x 8 tneh plots. Six samples 
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Table 8. Total heat units accumulated, average temperature, 
twelve experimental field environments 
Average tota 1 
heat units 
Open ground 12 2068 
Open ground 5 1792 
Plastic 8 3137 
Houses 10 2924 
alone 
Plastic 6 2500 
Houses 11 2085 
ss°F. Thermostat 
Plastic 1 3104 
Houses 4 2727 
700F. Thermostat 7 2966 
9 3417 
Plastic 2 3641 
Houses 3 3324 
85°F. Thermostat 
a April 8-15, 1964. 
bApril 8-9, 1964. 
cApril 8·24, 1964. 
a Average a 
temperature 
57.8 
54.7 
67 
65 
61.3 
58.6 
65.4 
63.3 
65.3 
63.6 
70 
88 
Averageb 
extremes 
day-night 
30 84 
32 79 
36 120 
33 113 
33 100 
31 104 
38 102 
35 93 
41 107 
39 111 
42 122 
39 110 
average day-night extremes, total germination, and species germination for each of the 
Total gennination a c Portulacae e c c Total Amarsnthus Grasses Cheno2odium 
April 8-15, 1964 germ. 
1 17 0 13 1 2 
5 48 0 41 2 5 
136 184 66 88 22 8 
59 146 85 42 14 3 
199 275 59 190 20 6 
414 143 93 41 6 2 
104 129 59 52 14 1 
167 200 32 131 36 0 
154 196 81 86 27 2 
243 323 124 147 46 3 
289 364 283 63 17 l 
242 279 215 41 17 l 
J 
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Table 9. Sampling of heat units acc\mlulated during the first week of 
germination, April 8 through 15 
Thermocouple Beat unite Total 
Treatment placement Aa Bb cc accumulated 
heat units 
Check Soil 1/2-1/4" 5 415 646 853 1914 
So11 s 402 600 790 1792 
Air, l" 5 389 603 714 1706 
10"1. Soil 4 664 954 1434 3052 
Soil 4 705 871 1339 2915 
Air 4 638 822 1314 2774 
Air 4 637 788 1302 2727 
ss0r. Soil 6 640 880 1289 2809 
Soil 6 663 853 1409 2925 
Air 6 642 856 1270 2768 
Air 6 591 696 1213 2500 
70°F. Soil 7 750 1078 1523 3351 
Air 7 785 1050 1687 3522 
Air 7 667 865 1434 2966 
85°F. Air 3 690 1010 1624 3324 
Plastic check Air 8 731 883 1523 3137 
85<>F'. Air 2 817 1074 1750 3641 
7<1'P. Air 1 688 976 1440 3104 
7rPF. Air 9 729 988 1700 3417 
Plastic check Air 10 659 843 1422 2924 
Open check Air 12 459 699 910 2068 
55°F. Air 11 566 748 771 2085 
0 Beat units equal X-40 F. x hours. 
a April 8, 5:4Sp.m. through April 9, 5:45 p.m. 
b April 9, 5:45 p.Ja. through April 11, 11:25 a.m. 
cApril 13, 11:00 a.m. through April 15, 1:45 p.m. 
' 
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Figure 12. Air temperature for a 24 hour period, one inch above the 
soil in experimental field environments numbers 2, 5, 6, 
and 7 
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were taken in each unit, three in the natural sof.1 and t:hree in the 
sterilized soil. Sample plots were staked out with toothpicks and nylon 
string and the sample plots were counted eaeh week. The results are 
presented in Table.a 10 and 11. 
Figures 13 •nd 14 show the sequence of germination in check plot 5 
and in plot 2 1 a high temperature plastic house. A larse number of high 
temperature geminators were counted i ·n the pla.stic houaes on April 15, 
while an average of 3 Chtnopodium seedlinga were obeerved in the dleek 
plots at this time. 
Figure 15 shows average total germination of a 11 weed species , 
,Ama.ranthgs, and Jortµlaca under twelve field environment•. Seedling 
counts represent an average of 3; 3 x 8 inch quadrat• observed April 9 
through April 23, 1964. The aca le for seedling germination in Figure 15 
is also used in the following three graphs. Figures 16, 17 and 18 show 
the average tota 1 germination of a 11 weed species, A•ranthus, and 
Portul.aca, respectively, under twelve field enviromnenta plotted over, or 
superimposed upon, a graph of tota 1 degree hours, maximum tempet:"ature; 
average temperature and minimum temperature for each environment. 
Soil moisture was asaumttd to be nearly constant for each plastic 
covered unit. The ine.ide surface of this cover wa• always coat;ed with a 
film of moisture and the confined atmosphere was quite huiuid. The check 
plot• were quickly dried by the strong winds which prevailed during th• 
period of thia test. Plot 11 was somewhat intermediate between the cheek 
ploti and the covered plot•, since it had several large holes in the 
covering. 
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Figure 13. Check plot April 15, 1964, top, and April 22, 1964, bottom 
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Figure 13. (Cont1n~ed) 
Che.ck plot May is. 1964 
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Figure 14,. High temperature plot April 15, 1964, (t.op) and 
May 15, 1964 (bottom) 
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:Figure 15. Average tot.al germination of all weed species, Amaranthus 
retroflexus and Portulaca oleracea unde~ twelve field 
experimental environments. S-eedU.ng counts represent 
an average of 3, 3 x 8 inch qu.adrats observed Apri 1 9 
thru April 23 ~ 1964 
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Figure 16. Average total germination of all weed species under twelve field experimental 
environments plotted over (superimposed on) a graph of total degree hours, 
maximum temperature, average temperature and minimum temperature foi: each 
envirOJ'Ullent (seedling counts represent an average of 3, 3 x 8 inch quadrats 
observed April 9 through April 23, 1964); the scale for seedling germination is 
shown in Figure 15 
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Figure 17. Average total germination of Amaranthus retroflexu.s under twelve field experimenta 1 
environments plotted over (superimposed on) a graph of total deg't'd hours, maximuaa 
temperature, average tanperature and mini.mmn tempeTature for each environment 
(seedling counts represents an average of 3, 3 x 8 inch quadrats observed April 9 
through April 23, 1964);/ the scale for seedling germination is shown in Figure 15 
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Figure 18. Average total germination of Portulaca oleracea under twelv.e field experimental 
environments plotted over (superimposed on) a graph of total degree hours, maximum 
tenpera.ture, average temperature and minimum temperatur.e for each environment 
(seedling counts represent an average of 3, 3 x 8 inch quadrate observed April 9 
through April 23, 1964); the scale for seedling germination is shown in Figure 15 
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Table 10. Average seedling counts made from three 4 by 8 inch sample 
plots per iJub-plot; counts on check plots were continued 
until May 8, 1964 (seedling counts are cumulative) 
Field environments 
Natural soil Sterilized soil 
Plot number 1 
4/8 4/15 4/22 4/15 4/22 
Amaran~hus 0 39 52 2 4 
fo,tulaea 0 51 59 0 1 
Digitaria and 0 12 14 0 1 
other grasses 
Ch1no2od!um 1 1 1 J>la!!tago 2 2 
Others l 1 1 Polvgongm 3 4 
2 - m - i2 Total 104 7 
Plot number 2 
4/8 4/15 4/22 4/15 4/22 
Amsranthus 0 57 63 4 7 
P52rtulaca 0 218 283 5 11 
»is,taria and 0 13 17 0 0 
other grasses 
~henoeodi!!!! 1 0 1 Plantago 1 l 
Others 
.Q 0 _Q Polygonwv. 1 1 289 - 2o Total l 364 11 
Plot number 3 
4/8 4/15 4/22 4/15 4/22 
A!!!!ran5jhus 0 36 41 1 3 
Portglaca 0 192 215 3 8 
Digita-ria and 0 11 17 0 l 
other grasses 
Chenoeodium 3 3 6 Plantago 4 5 
Others Potxswnum 2 4 
Total 3 m m 11 fi 
Plot number 4 
4/8 4/15 4/22 4/15 4/22 
Ama:£anthgs 0 115 131 2 5 
Portulaca 0 20 32 0 0 
D;\gi~ana and 0 32 36 0 0 
other grasses 
Cheno2odiUlil 0 0 0 flan:t~&2 2 3 
Others Polygon= 1 3 
168 - Ti Total l 200 7 
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Table 10. (Continued) 
Field enviromnents 
Natural soil Sterilized soil 
Plot nuanber 5 
4/8 4/15 4/22 5/8 4/15 4/22 5/8 
Ams ran thus 0 0 41 77 1 _a 2 
Portu.laca 0 0 0 4 0 _a 1 
Digitad.a .and 0 0 2 5 0 a 0 
-other grasses 
Cbeno:eod11f11 0 5 5 5 Plentago 1 _a 1 
Others 0 .Q 0 0 Polxsonum 4 a !t. .... 4i 9i 6 -Total 0 5 8 
Plot number 6 
4/8 4/15 4/22 4/15 4/22 
Amarantbus 0 150 190 2 5 
Port!!, la ca 0 38 59 l 3 
Digitaria and 0 5 20 1 
other grasses 
Chgo2odi1Jlll 4 6 6 PlaJ!~ago 3 3 
Others 0 0 0 Polygonum l .Ji 4 - -T·otal 199 275 9 16 
Plot nuanber 7 
4/8 4/15 4/22 4/15 4/22 
Amal'antbus 0 73 86 4 5 
J.>ortulaca 0 67 81 3 4 
Dis.!taria and 0 12 27 
other grasses 
Cbenoeodium 2 2 2 Pla!!tago l 1 
Others 
- -
Polzgonum 6 _..§. 
Total 3 154 196 14 16 
Plot number 8 
4/8 4/15 4/22 4/15 4/22 
Amaranthus 0 73 87 3 5 
Portulaca 0 51 67 0 2 
Digitaria and 0 3 22 0 0 
other grasses 
Chenoeodium 6 8 8 Planta,go 2 2 
Others ! 
- -
Pol1son!!! l ....! 
Total 7 136 184 6 11 
a Missing data. 
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Table 10. (Continued) 
Field enviromnents 
Natural soil Sterilized soil 
Plot number 9 
4/8 4/15 4/22 4/15 4/22 
Amar!n~hus 0 124 147 3 5 
Po:£tulaca 0 106 124 0 l 
Digitaria and 0 20 48 0 0 
other grasses 
C!!enoeod&um 2 3 4 Plantas2 0 0 
Others 
- -
Po!;,;gonum ! 1 
Total 2 243 323 5 9 
Plot number 10 
4/8 4/15 4/22 4/15 4/22 
AmaJ:"anthus 0 34 42 5 10 
i>or!iulaca 0 22 87 5 14 
Digitaria and 0 0 17 l 3 
other grasses 
Cheno2odium 3 3 3 llf!ntago l 1 
I 
Others PolxggmiJn 3 
-2 3 59 149 • -Total 16 31 
Plot number 11 
4/15 4/22 4/15 4/22 
A11l8ranthus 22 41 0 6 
Portulaca 17 93 0 s 
D!gitad.a and 1 6 0 0 
other grasses 
Chenoeodium l 2 Plantago l l 
Others :Polygonum 1 J. 
- m Total 41 2 13 
Plot 12 
4/15 4/22 5/8 4/15 4/22 5/8 
Amaranthus 0 13 39 0 _a l 
Portulaca 0 0 8 0 a l 
-Digi~rJ.a and 0 1 3 
other grasses 
Chenoeogium 1 2 0 Plal'l;t~so l _a 1 
Others Polygonum 3 a 2 
- - 4 -Total 1 16 50 8 
a Missing data. 
Table 11. Tctal weed seed germination> and gennination of A.ma.rap.thus and Portulaca in 12 field 
environments 
Bouse . 'rota 1 seedlings Portulaca seedlings Amarantbus seedlings Tota 1 accumulated 
samples samples samples degree hours 
1 2 3 Xl l 2 3 x2 1 2 3 X3 
5 48 48 47 48 0 0 0 0 38 42 44 41 1792 
12 26 14 8 16 0 0 0 0 21 12 6 13 2068 
3 246 310 283 279 194 240 210 215 31 49 44 41 3324 
9 343 293 333 323 146 94 133 124 140 155 145 147 3417 
2 364 350 377 364 285 279 287 283 61 6-0 68 63 3641 
10 62 213 173 149 30 124 107 87 14 64 t,8 42 2924 
l 121 166 % 128 52 10 56 59 49 80 28 52 3104 .... c; 
8 177 138 237 184 85 39 76 67 70 77 116 87 3137 
7 151 262 178 197 45 123 75 81 70 111 76 86 2966 
6 239 272 316 275 4Q 81 58 60 180 165 224 190 2500 
4 179 210 213 200 31 18 47 32 101 150 142 131 2727 
116 
An attempt to relate gennination in the laboratory and greenhouse to 
germination in the field using heat units (degree hours) is shown in 
Figure 19. The environmental fact-0rs effecting ge'l'lllination in the field 
are much more complex than those that exist in the laboratory, and some· 
what more complex than those existing in the greenhouse. Flats of soil 
brought in from outdool's and exposed to similar temperature alternations 
to those that occur during germination should be an accurate method to 
study weed germination. The temperature alternations 'Which prevailed in 
the greenhouses studied closely simulated those that occurred in the field 
environments. 
In the laboratory, accumulated degree hours in excess of 5800 heat 
units did not result in increased total germination. In the greenhouse, 
germination continued to increase up to 9200 degree hours. Most of the 
greenhoue and laboratory treatra.ents exceeded the heat units accumulated 
in the field, even under the highest temperature conditions. Also, 
temperature alternations were much more extreme in the field. Very high 
temperatures occurred in the plastic houses for short periods of t11ne 
and relatively low temperatures prevailed for extended periods of time. 
Davis (1939) noted that the higher the upper temperature limit of 
an alternation, the shorter ia the time required at that temperature, 
and the longer the requirement at the lower temperature in order to 
prevent fatigue. This situation may have prevailed in some of the 
experimental units in the field. 
The germination response of AmaraQthus and Portulaca varies with the 
enviroMent. The tota 1 germina.tion of Pox-tulaca was higher than 
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Figure 19. Comparison of germination of Amaranthus and Portulaca under 
gre.enhouse, laboratory and field conditions based on degree 
hours accumulated over a one week period (field germination 
represents degree hours accumulated on five representative 
days during the first week of observation) 
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Amaranthus at every temperature in the laboratory. In the field, there 
were higher numbers of Portulaca seeds in the soil than there were 
Amsra.nthus seeds. In the field Portulaca had a higher total germination 
than Amarantbus in 3 out of 12 of the twelve field experimental environ-
ments. Two of these three enviromnents were high temperature units and 
the third (plot 11) had drier soil than the other unite. 
I 
Table 12 shows the effect of competition among weed seedlings. The 
average number of seedlings which originally germinated in the early 
spring are shown for eaeh species. The average number of plants for 
each population, which survived until July is also given. 
"F" values from analysis of variance of total germination, and 
germination of Amaranthus, and Portulaca. under field enviromnents are 
presented in Table 13. 
A linear regression procedure was used for distinguishing the two 
most prevalent species in the weed seedling population. The hypothesis 
that the slope of the regression was equal to O, i.e., there was a linear 
relation between total beat units accumulated and 1. tota 1 germination, 
2. Amaranthus germination and, 3. Portulaca germination was tested. 
Beat units were accumulated under twelve different day night temperature 
alternations (Figure 15). 
"T" values for the regression of total germination, and the germina-
tion of Amaranthus and Portulaca on acc1,J111Ulated heat units are as follows: 
Total germination 
3.9219** 
Amaranthus germination 
.4702 
**Significant at the .01 level of probability. 
Portulaca germination 
4.1040** 
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The null hypothesis was rejected at the 1 percent level for total 
germination and for Portulaca germination. The null hypothesis was 
accepted for Amarpnthus germination. The conclusions from these tests 
were: Portulaca seedlings germinated in the highest numbers of all 
species; thus the germination of this species has the greatest effect on 
the total germination. There is a significant difference in the effect 
on heat units accumulated on the germination of Amaranthus and Portulaca. 
Part of the difference between the germination of the two species is 
\ 
attributed to the fact that Amaranthus usually germinates at a lower 
temperature under field conditions than Portulaca, and partially to the 
fact that there is a statistical difference in the response of the two 
species to alternating temperatures. 
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Table 12. Effect of competition among weed seedlings 
Weed type 
Ama :ranthus 
Digitaria and 
other grasses 
Chenopodium 
Portulaca 
Amaranthug 
Dtgitaria and 
other grasses 
Chenopodium 
Portulaca 
Amar§!nthus 
Digitada and 
other grasses 
Chenopodium 
Portulaca 
Amaranthus 
Digits{ia and 
other grasses 
Chenopodium 
Portulaca 
Amaranthus 
Digitaria and 
other grasses 
Chenopodium 
Portulaca 
Average number of 
weed seedlingsa 
April 22, 1964 
52 
14 
--c 
1 
59 
63 
17 
- .. c 
l 
283 
41 
17 
• .• c 
6 
215 
131 
36 
.... c 
0 
32 
41 
2 
__ c 
5 
0 
a Average of 3 samples. 
b Average of 2 samples. 
Field 
environment 
Plot 1 
Plot 2 
Plot 3 
Plot 4 
Plot 5 
cSeedlings could not be identified in April. 
Average number of 
mature plants b 
July 1, 1964 
0 
3 
4.5 
.s 
0 
2 
2.5 
1.5 
1 
1.5 
0 
3.5 
1.5 
3 
0 
1.5 
l 
s.s 
.s 
.5 
2.5 
2.5 
4.5 
2 
0 
122 
Table 12. (Continued) 
Weed type Av~rage number of 
weed seedlings8 
April 22, 1964 
Ama rang;hus 190 
Dig&ta ria and 20 
other grasses .... c 
Cbeno2odium 6 
Portulaca 59 
Ama raath!!§ 86 
DigiSa!ia and 27 
other grasses .... c 
Cheageod1um 5 
Portulaca 81 
Aina rant!lus 88 
Diaitaria and 22 
other 81\'asses .... c 
Chenoe,gdium 8 
PortulaS! 66 
Ama£antbus 147 
Di,gitarie and 46 
other grasses .... c 
Chengee,g&um 3 
P9J"tulaca 124 
All:IBrsnthue 42 
Di&!taria and 14 
other grasses ... c 
~heno2odium 3 
Portulaca 85 
Amaragthus 41 
Digitaria and 6 
other grasses .... c 
Cheno2odiuni 2 
Portulaca 93 
Field 
enviroment 
Plot 6 
Plot 7 
Plot 8 
Plot 9 
Plot 10 
Plot 11 
Average llUUlber of 
mature plants 
July 1, 1964 
4 
2 
0 
2.5 
0 
4 
6 
0 
0 
0 
0 
0 
0 
5 
0 
3 
3 
0 
3 
0 
4 
4 
l 
1.5 
0 
4.5 
1 
0 
1.5 
1 
Table 12. (Continued) 
Weed type 
Amaranthus 
Digita ria and 
other grasses 
ChenopodiWll 
Portulaca 
Average number of 
weed seedlingsa 
April 22, 1964 
13 
l 
__ c 
l 
0 
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Field 
enviromnent 
Plot 12 
Average number of 
mature plants 
July i. 1964 
s.s 
3.5 
1 
l 
0 
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Table 13. ''F" values frOPl analysis of variance of total germination and germination of Amarantbus and Portulaca under field environments 
Source of variation Total germination Amerantbus Portulaca 
1. Plots 5 and 12 (check plots) vs. all other plots, i.e., 3, 9, 2, 10, 1, 8, 7, 6 , -4 128.66** 54.84** 168.31** 
2. Plots 3, 9, 2 (high temperature plots) vs. plots 10, l, 8, 7, 6 , 4 (medium and lCJW temperature plots) 68.48** 3 .. 17 20.32** 
3. Plots 10, 1, 8, 1 (medium temperature plots) ve. plots 6, 4 (low temperature plots) 13.99** 89.27** 5.05* 
4. Plot 5 (check plot) va. plot 12 (check plot) a 3.08 a 
5. Plot 3 (high temperature plot) ve. plot 9 and 2 (high temperature plots) 5.26* 20.60** a 
6. Plot 9 (high temperature plot) vs. plot 2 (high temperature plot) 1.59 26.85** 62.83** 
7. Plot 10 (medium temperature plot) vs. plots 1, 8, 7 (medium temp ra~ure plots) 8 6.3~* 1.20 
S.09* 6.02* a 
-
8. Plot 1 (medium temperature plot) vs .• plots 8, 7 (medium temperature plots) 
a 1.53 a 
-
9. Plot 8 (medium teinperature plot) vs. plot 1 (medium temperature plo~) 
10. Plot 6 (low temperature plot) va. plot 4 (low temperature plot) 5.44* l3.20ft* 1.9 
8 Indicates an F value of less than 1.oo. 
*Significant at the .os level of probability. 
**Significant at the .01 level of probability. 
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Discussion 
Germination under field conditions 
The response of Amaranthus retroflexµs and PoJl'tulaca olet;acea to 
different enviromnents is complex and difficult to interpret, particular-
ly under conditions of alternating temperatures. Field and laboratory 
results were seldom correlated. ln most instances, the results obtained 
in greenhouse experiments were comparable to those obtained in the field, 
although germination temperatures were not the same, as is shown in 
Figure 19. 
In Figures 15, 16, 17 and 18, the total weed seedling germination 
is the sum of 6 species. Each species varies in its germination response, 
cominensurate with alternating temperatures. Extreme alternating tempera-
tures in the laboratory showed no relation of germination to total 
accumulated heat unite. Obviously, germination will also vary with any 
change in the soil moisture or quantity, quality, and duration of light 
in the environment, if the seed is sensitive to photoperiod. 
The data shown in Figure 15, cocnpares the tots l germination of: 
(a) all weed seedlings to that of Portulaca oleracea and Amaranthus 
retroflexus. This figure also illustrates that total germination is 
primarily made up of the composite germination of Pgrtulaca and Amaran· 
thutt, since these are the most abundant species. 
Figures 16, 17 and 18 plot total germination of: (a) all weed 
seedlings, (~) Portul~ca seedlings and (c) Ainaranthus seedlings against 
total accUJUulated heat units, maximum temperature, average temperature 
U6 
and minimum tempe'l'ature for each experimental environment. 
No seedlings were observed in the check plots (5 and 12) on April 
8, 1964. All other plots with the exception of plot 11, had a few seed• 
lings of Chenopodiµm album. No Atnaranthus or Portulaca seedlings were 
observed in any plots on this date (Table 7). 
The second seedling count was made on April 15, 1964. On this date 
an average of 3 Cbenopodiwn seedlings were observed in each check plot. 
No Portulaca or Amaranthue seedlings were observed. All other plots had 
between 41 and 289 seedlings in the sample quadrats, including seedlings 
of both Amaranthus and Portulaca. 
The third seedling count was made on April 22, 1964. On this date 
no Portulaca seedlings were observed in the check quadrats. In all 
other plots between 17 and 216 Po~tu1aca seedlings were counted in the 
sample qua drats. Amaranthus was the dominant species germinating in 
the check plots on April 22, 1964, although the numbers were quite small 
in comparison to those germinating in the covered plots. 
Table 8 shows that check plots 5 and 12 accumulated the lowest 
number of heat units and had the lowest maximum, minimum end average 
temperature. The combination of the low temperature plus the moisture 
stress resulted in a significant dif ferenee (at the 1 percent level) 
between seedling germination in the check plots versus all other plots. 
There was no signifiea~t difference (at the 5 percent level) between the 
two check plots for total germiiiation, or the germination of Amaranthus 
or Portulaca. 
As was observed in the greenhouse, the sequence of germination in 
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the plastic houses was: ChepQ)?odium, Amaranthus, and Portulaca. Accord-
ingly, th.is follows the pattem of early spring germinators, middle spring 
germinators, and late spring or early summer germinators. The date of 
germination of weed seedlings in the check plot is similar to the observa .. 
tions reported by Martin in 1943. 
It was observed that large numbers of seedlings were germinating in 
grass duff and cinders along roadsides during the week of April 8, 1964. 
The cinders and duff had a mulching effect on the soil surface and 
prevented the drying which oceurred in the open fields. I.n the check and 
in the field there was ample soil moisture below the soil surface. The 
drying effect of the wind may do more than remove water from the soil 
surface. It is possible that this results in a layer which modifies the 
normal exchange of gase.$# res.ulting in poor aeration. Bibbey (1946) 
pointed out the extreme sensitivity of some weed seeds to slight changes 
in the concentration of cal:'bon dioxide and oxygen in the soil. 
Check plot 12 accumulated 2068 heat units. This was the second 
lowest heat unit accumulation. Lowest average night temperatures were 
~ Q 30 ¥. and the highest average day temperatures were 86 F. The germina-
tion results obtained in check plot 12 were quite similar to those 
observed in check plot 5 although two enviromnenta 1 differences were 
noted. Check plot 5 had a larger number of seedlings and a lower heat 
unit accumulation than did the second check plot. A possible explanation 
for this may be the timing and sequence of heat accumulated by each plot. 
Unit 5 had a slightly higher night temperature than did unit 12; although 
the second unit averaged 6 degt'ees warmer dut'ing the hottest part of the 
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day. It may be that a few degrees difference, when temperatures are near 
freezing, can significantly affect germination. Another explanation for 
these differences may pe tb•t because plot 12 was on the north side of 
the experimental aite it may have been slightly more exposed to the 
drying north wind. Carefully designed microc11matological studies would 
no doubt be necessary to explain the differences in germination between 
the two check plots. There was not a significant difference between 
germination in plot 5 and 12 at the l percent level. 
Unit 11 was origina l ly planned to include the use of a polyethylene 
0 
cover with a 60 F. heating cable. However, damage to the plastic cover 
greatly altered the environment. The holes in the plastic resulted in 
lower day and night temperatures. The night temperatures were more 
severely effe~ted than the day temperatul!es. The soil in this unit was 
much drier than that in the other treatments. Since Portulaca is able 
to germinate under drier conditions than Amaranthus, we would expect 
Portulaca to dominate under these conditions. This was observed in the 
experiments l plot (Table 10). Unit ll accumulated approximately the same 
number of heat units as check plot 12 and yet there was a higher total 
germination, dominated by seedlings of Po;tulaca. This difference can 
be satisfactorily explained by the higher daytime soil temperature and 
the drier soil which prevailed in plot 11. As Davis (1939) and Barring-
ton (1923) have pointed out, not only is the amount of heat (the number 
of heat units) accU1J1ulated important in controlling germination, but 
also the two extreme temperatures of the alternation (day-ntght 
temperature). There may be several diverse temperature regimes which 
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will result in the same seedling population. The total heat units 
accumulated may, or may not be the saine for these regimes. 
Plot 6 produced the highest Amarantbus seedling density of all plots, 
having over 7. 7 seedlings per square inch of soil surface. One can only 
hypothesize that under the conditions that existed in this experiment 
the relationship of the two extremes of the day•night temperature were 
near optimum for the germiDBtion Amal;;anthus but were unfavorable for the 
0 germination of Portulaca seeds. A high day temperature of 100 F. , a low 
0 , 
night temperature of 33 F. and accumulated heat units totaling 2634 
resulted in the large stand of AmaranthU8 seedlings. As shown in Figure 
17, plots 6 and 4 appear to be completely out of place when plotted 
against accumulated heat units. However, this is a similar type of 
response obtained by Harrington (1923) with Kentucky bluegrass (see 
Figure 1). 
Plot 4 had the lowest average day temperature with the exception of the 
check. This treatment also produced the lowest stand of Portulaca of any 
plot except the two check plots. In this same environment seeds of 
Amaranthua were effected in the opposite manner~ resulting in the third 
highest germination, that is, 131 seedlings per sample plot (see Tables 
8 and 10). 
Plots 10, 7, l and 8 had similar germination curves. There was no 
sianificant difference at the 1 percent level between germination in the 
4 environments. The total aecumulated heat units in the four treatments 
ranged from 2924 to 3137, a difference of 213 heat units. These four 
environments were not conducive to the germination of either Amaranthu§ 
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or Portulaca. 
Plot 7 was one of the three units which had two functioning air 
thermocouples. These thennocouples recorded temperatures, which when 
converted to beat units indicated that the above ground portion of the 
enviromnent had accumulated 3522 and 2966 unite and the sou environment 
3351 units. It was assumed that the high readings of one of the air 
thermocouples resulted from the accident placement of the unit in contact 
with the soil thus resulting in an error. The air thermocouples in unit 
4 varied by a difference of 47 heat units. The air thermocouples in 
unit 6 varied by a difference of 268 heat units (see Table 9) . 
Units 10 and 8 were without heating cables but incorporated the use 
of a polyethylene cover. Unit 8 accumula~ed more heat unite than unit 
10, a difference possibly caused by the position of the recorder house. 
Plots 3, 9 and 2 had the highest total beat unit accumulation and 
the highest total seedling germination of all experimental field environ-
ments. There was a signi ficant difference at the l percent level between 
these units end all other polyethylene covered units (10, 1, 8, 7, 6, and 
4) for total germination and for germination of Portulaca. Plot 11 was 
not considered in the comparison because of the damage to the plastic 
enclosure. There was not a significant difference (at the 5 percent 
level) in the germination of Amaranthus in these environments. 
Plot 9 differed from Plot 2 and 3 in that equal numbers of 
Amaranthus and Portulaca seedlings were present in this plot, while the 
weed seed population in units 2 and 3 was dominated by Portulaca. Units 
2 and 3 produced the same type of population observed in the high 
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temperature environment in the greenhouse study. Plot 9 diffe.red from 2 
and 3 by having a lower average temperature.. Evidently, this rather 
small difference in environment had a noticeable effect on the resulting 
seedling population, as i s shown in Figllres 17 and 18. Figures 16 and 18 
indicate that there may be a threshold germination temperature between 
3137 and 3324 heat units for the gennination of Amaranthus seed. There 
were significant differences (at the 1 percent level) between the germina-
tion of Amarantbua in plot 3 versus plots 9 and 2, and between plot 9 
versus plot 2 (Table 13). 
There are several diverse temperature regimes which will result in 
either very high or very low germination percentages of Amaranthus and 
PoJ'tulaca. The explanation of the germination for these species under 
field conditions depends upon an understanding of the effect of alternat-
ing temperatures on germination. There are severa 1 controvereia l 
hypotheses (Harrington, 1923. Davis 1939) concerning the theoretical or 
physiological explanation for the beneficial effect of alternating 
temperatures on germination. No information was found on factorial 
experiments making use of different alternating temperatures for varying 
lengths of time for the purpose of predicting or explaining the germination 
of Amaranthus and Portu.lac! under natural conditions. 
It would appear that an elaborate series of experiments making use 
of different temp~n:ature extremes for varying lengths of time is 
necessary in order to understand why a given population of weeds results 
from a specific type of environment. Data of this type might explain the 
germination patterns observed in the experimental environments utilized 
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in this study. 
More detailed studies on the entire complex of environment factors 
effecting seed germination under field conditions are necessary to 
interpret the response of specific weed species to a given environment. 
These will necessitate studies not only of the microeuvironment adjacent 
to the seed, but also of the internal environment of the seed. 
The size of sample and number of samples to be used in evaluating 
the germination response of different species in this experiment w-ere 
based on the high density of seedlings observed in the winter greenhouse 
study. Thia germination pattern waa primarily made up of seedlings .of 
Amaranthus and Portulaca, which produced over 11 seedlings per square 
inch of soil. 
The seeds of Polygoaum and Plantago were fall s.own in the experi• 
mental units at a rate of 100 seeds per sub-plot. It would have been 
advisable to have sown the seeds at a much higher rate or to have used 
a larger sample size. 
Each sub .. plot had an area of 396 square inches. For a given species 
to have 100 percent germination an averag, of 6 seedlings per J by 8 
inch sample would be required. Since a number of plots bad well over 6 
seedlings per specie.a (see Table 10) it is obvious that the sampling 
technique could be improved for plots in which seeds were sown. Only 
Amaranthus and Portulaca averaged over 6 seedlings per sample. 
Approximately 100 percent germination of Polygonum was observed in 
plot 7. These seeds wer dormant when planted in the fall. High 
gemination percentages of Plantago were recorded only in houses 4 and 
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0 Plot 3 had an approximate average low night tetnperature of 39 F .. and 
an average high day temp rature of 110°F. Plot 4 had an average low 
nisht temperature of 35°F. and an average high day temperature of 93°F. 
This species germinates over a very narrow range of temperatures in the 
laboratory and it also appears to have a narrow temperature range 
conducive for germination in the field. 
Competition among weeds 
Table 12 preeents the average number of weed seedlings which were 
produced per 3 by 8 inch sample. These samples were taken in April. 
The table also shows the nwnber of mature weeds in these plots in July, 
1964. 
In all of the treated plots• plants of Amat'anthus rstl'oflexus were 
dwarfed and produced relatively few seeds. Plants never reached a height 
of more than 16 inches. The plants in the check plots were slightly 
larger. Seedlings of Ainarantbus which developed around the perifery of 
the treated plots grew to a height of about 3 feet and produced an 
abundance of seeds. 
AmQranthufl is extremely sensitive to photoperiod and possibly the 
plants on the perifery of the treated plots germinated later in the 
, 
season• under a longer photoperiod and therefore, remained vegetative 
for a longer period of time. Kidd and West ( 1919) and other workers 
have observed that the germination temperature can effect subsequent 
plant growth, which is another factor which must be considered in inter-
preting the results of this experiment. Finally, the effects of compe-
tition were clearly evident, since only one percent of the seedlings 
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that emerged in March were alive iu July. Those that survived were weak 
and had made little growth. The poor stands of Amaranthus may have 
resulted from low temperatures, short photoperiod, competition with other 
weeds, or a combination of these factors. Seeds of this plant have been 
considered to be a summer germinator by Went (1957), and therefore, it 
may not be adapted to normal growth under cool, early, spring tempera-
tures. Amaranthus seed~ which germinated in the greenho e during the 
winter developed into plants which produced seeds. Although these plants 
were only three inches in height, very few of these seedlings died before 
producing seed. 
Digi&aria sanguinalis and other grass species successfully competed 
with the weed complex which developed in the plots. Some plots consisted 
almost entirely of grasses in observations made in July. On the basis 
of the total weed population, grasses ranked third in counts taken in 
the early spring. 
Portulaca oleracea was almost completely eliminated from every plot 
by the eud of July. This species had the highest total number of seeds 
which germinated in the early spring. It could not successfully compete 
with any other species without the help of cultivation. Halsted (1899) 
noted that purslane soon died when it was shaded. The author stated 
that "shade is almost poison to this obese herb". Portulaca had the 
highest total germination and the lowest total survival. None of the 
purslane plants ()bserved had more than 4 leaves in July, and very few 
produced seed. 
The relative survival of the Plantago seedlings which germinated in 
135 
the sterilized soil was observed in July. The only three plots in which 
Plantago thrived were the two check plots and plot number one. Sagar 
and Harper (1960) noted that only rarely was it possible to introduce 
Plantago malor into a habitat or to increase its existing density in a 
habitat by sowing seeds. Plantago is a cool germinetor, following soon 
after the germination of seeds of Chenopodium. This is probably why it 
became established in the two check plots. In the other plots, which 
had higher temperatures, larger numbers of other weeds germinated early, 
proViding more competition at an earlier date than was experienced by 
the seedlings in the check plots. 
The environmental factor competed for by the seedlings in this experi-
ment appears to have been primarily light. The interspecific competition 
completely overshadowed whatever intraspecific competition may have 
taken place. The results were similar to those observed by Clements 
,!!. !l· (1929) in which he noted seedling populations where about 99 
percent of the seedlings died. 
Blaisdell (1949) observed a suppression of established plants 
rather than a failure of the plants to become established. In this 
experiment most of the seedlings were killed rather than suppressed. 
although all of the PortuUlca plants that survived were depauperate. 
We@d identification 
Weeds pertinent to this study were observed in the seedling stage 
during the summer and fall of 1963. A taxonomic key prepared by Kuomner 
(1951) was used to identify plants in the seedling stage. Seedlings 
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which were difficult to identify were grown to maturity in the greenhouse. 
Plants which germinated in tbe early spring, in the field study, 
were allowed to mature and were examined later in the summer. Some of 
the problems of identification and their implication follows. 
Plants of Polygonum ~ensylvanis:um L. showed little morphological 
variation and all plants appeared to be f,. Ptnsylvanicum variety 
laevigatum Pern. This is the most common taxon (Gleason, 1952, Gleason 
and Cronquist, 1963), and is characterized by having conspicuously atip-
itateglandular peduncles. Four other varieties of !. eensxlvanicum have 
been described. 
Most of the Plantago seedlings were identified as !· rugelii Decne. 
There was considerable variation in the length and shape of the capsule 
and possibly some of these plants were!. iuaior. Gleason (1952) notes 
that!,. major L. closely resembles !,. tugeU.i in habit, size, leaves, 
spikes, and corolla and is often confused with it. !· ma1or is variable, 
having 2 sub•speci.es, 12 varieties, 10 sub-varieties and ll forms. 
Seeds of Portulaca oleragea L. were collected from ecattel"ed plants 
growing in a 20 acre field. The only variation observed in the popula• 
tion was in overall plant size and stem coloration. 
Some problems developed regarding the identification of Amaranthus 
retrof lexua L. The plants were quite polymorphic and some specimens 
closely resembled Amaranthus hybridus L. No mention appears in keys 
prepared by Fernald (1950), Gleason (1952.) or Gleason and Cronquist 
J (1963) 1 of any varieties, or polymorphism in the species. Individual 
members of the genus are sensitive to phot.operiod. Possibly the plants 
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which germinated very early under the plastic houses may have been 
photoperiodically inducted and thus flowered earlier tha11 the plants 
which germinated later in the s.pri.ng, thus reaulting in morpbologica lly 
different plants. 
Plants ·Of Digitarta sangy1,nalis (L.) Scop. and other grass species 
could not be identified satisfactorily in the seedling stage. There 
were no identification problems with mature plants. 
Plants of Chenopodi!!J! a!bUtn L. were quite variable. Gleason (1952) 
states that: 
• • • our plants are partly native and partly introduced. 
Highly variable in size and shape of leaves, in amount and 
distribution of mealiness, in the size of keels of the calyx, 
in size and smoothness of seed. These features appear to be in 
some iiistanees genetic and in othe~.s correlated with the habitat. 
Williams (1963) studied the British forms of this species and reported 
that the species was highly polymorphic. 
Since there were a. number of taxa of most weed species studied, 
this variability in morphology might be upected to exist in the 
physiological behavior of the population. The variation in the germina-
tion behavior of seeds of the species understudy may in part be attributed 
to the lack of physiological uniformity within the species. What part 
physiological races. or biotypea • play in the germination pattern is not 
known, since there have been few, if any, studies on weed races in Iowa. 
The part played by the various factors of environment during the develop• 
ment of the seed bas not been adequately studied in relation to the 
germination patterns of a species containing a variety of taxa. 
138 
SUMW.RY 
Weed seed populations were germinated in native soil in greenhouses 
during the winter of 1963-1964. Large populations of seedlings showed 
that dormancy would not be a p?"oblem to the early spring germ.ination of 
the weed types under study in the field. 
Weed seedling populations were geradnated in four different green-
house environments. These four environments consistently produced 
completely different w-eed populations. The weed seedlings geradnating 
Q 0 0 o_ in the cold (55 F.), cool (65 F.), warm (90 F.), and hot (100 1'".) green• 
houses corresponded to the early, middle and late weed flora of Ames, 
Iowa. 
An attempt to correlate laboratory, greenhouse and field data in 
order to explain the sequence of weed seed germination and seedling 
development in the field was only partially successful. The fact that 
the laboratory temperature regimes did not closely parallel field 
germination conditions complic.ated the interpretation of the data. 
Another objective of this study was to observe the germination 
response of a natural weed seed population in a known environment. 
Temperatures which vaded greatly between extremes complicated the inter-
pretation of the effect of temperature on the field gen:aination of 
Amaranthus and Portulaea. The effect of an interaction of temperature, 
soil moisture and poeaibly soil aeration could not be explained on the 
basis of the data collected. 
It was also the purpose of this study to deten:aine the response of 
various weed species to artificially manipulated field environments. 
139 
The response of these species to certain alternating temperatures in the 
field and laboratory could not be correlated. There are apparently 
several diverse temperature regimes which will result in either, very 
high or, very low germination of Amarenthut and Portulae.a in the green .. 
house, laboratory or field. The explanation of the germination response 
for these species under field conditionB will depend upon additional 
studies concerned with the effect of alternating temperatures on gexmina-
tion. 
The temperature and tota 1 accumulated heat units resulting in the 
dominance of a partiCl.Jlar weed species in a eJpecific environment were 
identified. The apparent thresholds requisit.e to the dominance of one 
species to another however. were relatively small. The highest germina-
tion of Amaranth!!! occurred in units which had day temperatures of 100, 
93, lll<>p.. or an average of 101.3°1. These same units had night tempera-
tures of 33, 35, 39°F. respectively and averaged 3S.7°F. The highest 
Portulaca gexminatiou occurred in units which had day temperatures of 
122, 110, 111°F. respectively, with an average of l01.3°F. These units 
had low night temperatures of 39, 42, 39°1. or an average temperature of 
40°F. 
The observations made by Juhren .!! !.!· (1956) that the germination 
of desert annuals depends largely on the temperature following rainfall 
could be correlated to the gexmination pattern of the weed flora of Iowa. 
Within the high temperature germinators ~maranthus and Portulaca) 
rather subtle differences in day•night t:exmperature alternation resulted 
in statistics lly different populations. 
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There was a significant difference in the effect of heat units 
accU11llllated on Amarantmss •nd Portulaca germination. Part of the dif • 
ference between the germination of the two species is attributed to the 
fact that Amarenthy usually germinated at a lower temperature, under 
field conditions, than Pottulasa and partially to the fact that there is 
a d1f ference in the response of the two species to alternating tempei;-a .. 
tures. 
There was a significant difference in the number of seedlings 
germinating in the open plots compared to all other units, in the number 
of seedlings germinating in the high temperature plots compared to the 
medium temperature plots, and in the number of seedlings germinating in 
the ~dium temperature plots compared to the low temperature plots. 
Large populations of weed seedlings can be germinated by use of 
polyethylene sheets in the early spl'ing than will germinate, in the open 
field and these seedlings may be controlled by cultural methods. 
The use of the heat unit technique proposed by KaQrwar (1956) to 
predict germination of Digitaria was successfully used in laboratory 
experiments under conditions of constant temperature. The heat unit 
system however• was not accurate in predicting weed seed germination under 
conditions of alternating temperatures. The technique utilized for pre-
dicting the time of germination of Digitari!. in the field was unsuccess-
ful. 
The results obtained in these studies indicate that it is possible 
to manipulate the envirolll!l'ental conditions found in the field to cause 
premature germination of weed seeds. Elimination of developing seedlings 
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by expoeure to freezing temperatures was successful in greenhouse 
experiments. The fact that large numbers of weed seed, (up to 15 per 
square inch) can be germinated by manipulation of the environment might 
well facilitate mote complete control than is obtained by the current 
practice of discing. 
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